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11/1/93 6580.3A

FOREWORD

This order provides guidance and reference material to be used in
the installation of remote communications facilities, i.e., air-to-
ground radio communications facilities, in support of the Capital
Investment Plan.

This order also outlines the orderly approach leading to the
establishment, reconsolidation, relocation, and upgrade of remote
communications facilities. Every effort was made to consider those
activities required with tasks to be completed first, followed with
tasks to be completed in a finished operational remote communications
facility.

The expected results of establishing a complete standards guide
to be followed by all regions includes cost avoidance through: (1)
improved grounding and bonding requirements; (2) reduced maintenance
travel and staff time; and (3) reduced retrofitting for implementation
of modern equipment.

An earnest attempt was made to include all related information
needed to establish or improve remote communications facilities.
Ideas to enhance or expand the handbook to be a more useful and
beneficial tool are greatly appreciated. Additional information which
only those persons with direct hands-on experience can provide should
be conveyed to ANC-300 by calling (202) 287-7181 or writing to Program
Manager for Air/Ground Communications and Control Program, ANC-300,
800 Independence Avenue SW, Washington DC 20591.

Program Manayer for Air/Ground Communications and Control

Page i (and ii)
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CHAPTER 1. GENERAL

1. PURPOSE. This order provides procedures, guidance, and reference
material which shall be used in the installation of Remote
Communications Facilities (RCF), i.e, air-to-ground (A/G) radio
communications facilities, in support of the Capital Investment Plan
(CIP) Project 24-02, Communications Facilities Consolidation/Network.

2. DISTRIBUTION. This order is distributed to division level in the
Office of the Program Director for Communications and Aircraft
Acquisition, NAS System Engineering, Air Traffic Plans and
Requirements, NAS Transition and Implementation, Systems Maintenance
and Operational Support Services; branch level to Regional Airway
Facilities divisions; director level at the FAA Technical Center and
the Mike Monroney Aeronautical Center; limited distribution to Airway
Facilities sector field offices, sector field units, and sector field
office units.

3. CANCELLATIONS. The following orders are canceled:

a. Order 6580.2, Remote Communication Facility Siting Criteria
Handbook, dated November 12, 1985.

b. oOrder 6580.3, Remote Communication Facility Installation
Standards Handbook, dated April 30, 1986.

4. BACKGROUND.

a. Existing System. The existing system of remote A/G
communications facilities was established according to regional
requirements for terminal and en route traffic control and flight
services. Specific facilities are used to support Radio Frequency
(RF) communications between the pilots and control personnel providing
these services. Figure 1-1, Existing A/G Radio Communications Systenm,
illustrates the existing A/G radio communications system.

b. Proposed system. The improvement of A/G communications
facilities through establishment, consolidation, relocation,
upgrading, and networking of A/G radio communications facilities will
provide improved performance of facilities which serve the combined
needs of air traffic control (ATC) and flight services. This activity
is a major element in the CIP Plan family of A/G radio communications
projects. One major objective of projects in this category is to
provide a modern, solid-state, remotely monitored radio communications
network with improved performance for the FAA.

Chap 1 Page 1
Par 1
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5. PHILOSOPHY. RCF's provide the A/G radio link between pilots and
air traffic controllers, Flight Service Stations (FSS), and terminals.
These facilities employ transmitters, receivers, antenna systems,
remote control units, and associated equipment necessary for the
transmission and reception of RF communications. When controlled by
an Air Route Traffic Control Center (ARTCC), an RCF is designated as a
Remote Center Air to Ground (RCAG); a Remote Transmitter Receiver
(RTR) when controlled by an Airport Traffic Control Tower (ATCT) or
Terminal Radar Approach Control (TRACON); and a Remote Communications
Outlet (RCO) when controlled by an FSS or Automated Flight Service
Station (AFSS). Since the three types of remote communications
facilities use common technology and have common design requirements,
a single installation standards handbook is applicable to all three
types. The CIP Project 24-02, Communications Facilities
Consolidation/Network, will reduce costs and improve performance
through the consolidation of the various types of communications
facilities and upgraded installation standards.

a. Cost. Consolidation of individual facilities will reduce
costs since the use of additional sites results in more land ownership
and/or leasing costs and increased time and costs for travel to and
from the sites when providing scheduled and unscheduled maintenance.
This is in addition to the cost for building maintenance, heating,
ventilation and air conditioning (HVAC), and leased landlines.

b. Performance. The existing facilities do not provide the
desired level of performance with regard to RF coverage, reliability,
and Radio Frequency Interference (RFI) standards. Performance will be
enhanced when the new installation standards are put into practice.
These standards will define proper installation of equipment and
grounding systems, Electromagnetic Compatibility (EMC) objectives, and
Electromagnetic Interference (EMI) and RFI reduction measures.

c. Results. This project will reduce costs and improve
performance through the following:

(1) Reduced land and facilities costs.

(2) Reduced maintenance costs.

(3) Reduced HVAC requirements.

(4) Improved installation procedures.

(5) Improved site management.
The consolidated facilities may appear to be a single large facility;
however, their individual identities, for the purpose of certain

documentation and other non-technical considerations, will be

Page 2 Chap 1
Par 5
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retained. This order contains standard design and installation
criteria for communications facilities at consolidated as well as
individual stand-alone sites.

6. SITE CRITERTA. RCF site relocation, and/or reconfiguration
planned by the regions must meet all of the air traffic specified
service volume, EMC/EMI/RFI standards, and frequency protection
criteria. This will require FAA headquarters and regional spectrum
management offices to perform an EMC study, an RFI analysis, and an RF
coverage analysis for the frequencies associated with all of the
specified service volumes at these sites. It is imperative that the
spectrum management offices be involved early in the design process to
ensure frequency analysis and frequency assignment process proceeds in
a timely manner. Any condition in the RF environment that may affect
facility operation must be brought to the attention of the RCF manager
and project coordinator. These conditions shall be addressed in the
preliminary stages of facility design or relocation.

7.-12. RESERVED.
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FIGURE 1-1. EXISTING A/G RADIO COMMUNICATIONS SYSTEM
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CHAPTER 2. REMOTE COMMUNICATIONS FACILITIES
SECTION 1. GENERAL

13. REMOTE COMMUNICATIONS FACILITIES OPERATION. The RCF provide RF
communications for various services within the ATC system. The
present ATC system is required to provide coverage of the entire air-
space over the contiguous United States, Hawall, Alaska, and the
Atlantic and Pacific control zones. This coverage extends from ground
surface at terminal areas to an altitude of 70,000 feet at en route
areas.

a. ATC Communications System. The ATC communications system
encompasses a network of ATCT, ARTCC, TRACON, AFSS, FSS, and their
associated RCF's. The RCF may be stand-alone or be collocated with
other Federal Aviation Administration (FAA)-owned facilities to extend
the service range of the ATC facility. The number of stand-alone RCF
sites is held to the minimum required to maintain the air traffic
coverage. An illustration of a typlcal ATC A/G radio communications
system after consolidation is shown in Figure 2-1, Proposed A/G Radio
Communications Systenm.

b. Terminal A/G Radio Communications Frequencies. The number of

A/G radio communications frequencies for non-approach and non-radar
approach control facilities is specific, whereas those for radar
approach control facilities vary according to functional
requirements.

c. Terminal Control Facilities. The terminal control facilities
include ATCT, TRACON, AFSS/FSS, and their associated RCF's. A TRACON
can be collocated w1th an ATCT or in a stand-alone facility at the
airport. The Air Force RADAR APPROACH CONTROL, and Navy RADAR AIR
TRAFFIC CONTROL CENTER are military facilities similar to the FAA
TRACON, except that they often have ground-controlled approach
capabllltles.

(1) Air Traffic Control Tower. The upper portion of the
tower, called the TOWER CAB, has windows which provide a panoramic
view of the airport grounds and airspace in the vicinity. Radar
displays which show aircraft location are used by tower personnel for
collision avoidance and to position aircraft for landing and takeoff.
Control panels for radio communications equipment are located in the
tower to prov1de RF communications between the pilot and ground
personnel in the performance of their duties. Figure 2-2, ATCT and
Ancillary Facilities, illustrates its principal fa0111t1es.

(a) ATCT Buildings. The ATCT buildings are frequently
leased by the FAA from the local municipality. Current policy permits
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PROPOSED A/G RADIO COMMUNICATIONS SYSTEM

FIGURE 2-1.
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FIGURE 2-—-2. ATCT AND ANCTLIARY FACILITIES
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the FAA to construct its own structures, within limitations. The ATCT
usually has two or more controller positions, each with its own
control and audio equipment. The ATCT building is comprised of a
tower cab and in some cases a collocated TRACON, associated equipment
room, and administrative offices.

(b) Tower Cab. The typical tower cab is located so
that a panoramic view of the airport is possible with little or no
obstruction. Air traffic controllers work in this space and utilize
A/G radio communications, radar, and information from TRACON
facilities in the performance of duty. Operations are performed using
communications consoles, radar displays, and various indicators and
navigational aids.

(c) Air Traffic Controller. Air traffic controllers
accept aircraft entering their geographic area of responsibility,
TRACON/ATCT terminal area or ARTCC sector. They establish A/G radio
communications with the aircraft, identify it, and control flight
progress until the aircraft is handed over to an adjacent sector or
terminal or is released from the control system.

(2) Terminal Radar Approach Control. In busy air traffic
areas, TRACON is used to monitor aircraft position via radar. Radar
systems provide vital information used in collision avoidance systems
and allow proper control and positioning of approaching aircraft.

(a) TRACON Facility. A typical TRACON facility is
located in the base of the tower cab. It could, however, be located
in a separate building near the airport. The TRACON facility is
connected to the tower cab by means of an interphone/intercom systenm,
or an interfacility switching systemn. Qgsiﬁzs having the normal
transmit and receive equipment access sifmilar to the tower cab, the
TRACON facility is provided with §99~ utomated Radar Terminal System
(ARTS) equipment access.

(b) TRACON Equipment Room. The TRACON equipment rooms
normally contain the audio jack panel, patch panel (resectoring
panel), power suppliés, Navigational Aids (NAVAIDS) monitor and visual
aids monitor equipment, Bright Radar Indicator Terminal Equipment
(BRITE) and Digital BRITE (DBRITE), collocated Remote
Transmitter/Receiver (RTR) equipment and other equipment systems (Alr
Surveillance Radar, Integrated Communications Switching System
associated equipment).

(3) Flight Service Stations. Flight service information is
provided by FSS and AFSS facilities. These stations provide flight
plan and weather service information and information on terminal
activity, arrivals and departures, connecting flights, fueling,
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maintenance requests, and other data the pilot may require regarding
aircraft servicing and passenger needs. These facilities provide
flight service information to pilots via radio and/or commercial
telephone communications. AFSS/FSS facilities can provide limited
airport information service where there is no control tower.
Depending on the size of the AFSS/FSS and its location, the AFSS/FSS
radio equipment may be at a collocated Remote Communications Outlet
(RCO) or a stand-alone RCO.

d. En Route Control Facility. All aircraft operating under
Instrument Flight Rules must maintain contact with an ARTCC and/or
the tower en route system on the proper A/G radio communications
frequency while en route. This radio contact is made through a RCAG
communications facility. The ARTCC is the hub of ATC and the focal
point for coordination and A/G radio communications. An ARTCC is
interconnected via the interfacility communications network with other
elements of other NAS facilities. The en route centers control the
operation of an RCAG and Air Route Surveillance Radars (ARSR). The
connections between the ARTCC and the national RCAG system are
illustrated in Figure 2-3, En Route National RCAG System, Major
Facilities. Since the RCAG may be collocated at a Very High Frequency
(VHF) Omni-Range/VHF Omni-Range Tactical Air Navigation (VORTAC)
facility, or another FAA facility several hundred miles from its
ARTCC, it is generally connected to the ARTCC by leased landlines or
an FAA owned Remote Communications Link (RCL) (i.e., microwave).

(1) ARTCC cControlled U.S. Airspace. U.S. airspace
controlled by the ARTCC is divided into individual boundary areas.

The boundary area of an ARTCC is divided horizontally and vertically
into sectors. Each sector is assigned to an air traffic controller
who is responsible for control of air traffic within that sector. The
air space described by this boundary is defined as the radio coverage
area that exhibits no less than -87dBm (10uV) signal strength. This
area must also meet the 14dB protection criteria at the aircraft
receiver input. A network of long-range radar and beacon equipment
provides each controller with data for locating and tracking
commercial, general aviation, and military aircraft. An A/G radio
communications system enables the controller to communicate with the
aircraft.

(2) ARTCC A/G Radio Communications System. The ARTCC A/G
radio communications system includes equipment which provides the air
traffic controller with a means of controlling the equipment at RCAG
facilities. Up to five ATC positions are provided in each sector,
with A/G radio communications and telephone communications to perform
individual functions. Each controller has access to the communi-
cations channel at the RCAG providing A/G radio communications
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coverage in the controller's sector of responsibility. Factors such
as changes in service to airports, changes in procedures, changes in
system usage, etc., can require resectorization. This procedure is
accomplished by a resectoring patch panel that-allows A/G radio
communications frequencies to be assigned to different controller
positions.

(3) Air Route Traffic Control Center. The ARTCC contains
equipment used to monitor position and communicate with aircraft en
route. As aircraft approach the service area of a TRACON,
communications is passed to TRACON and/or ATCT facilities.

Figure 2-4, ARTCC and Ancillary Facilities, illustrates these
facilities.

(4) ARTCC Equipment Room. The ARTCC equipment room is
normally located on the lower floor of the ARTCC building and
contains the resectoring patch panel, recording equipment, transmit
and receive controls, and remote audio equipment. A Backup Emergency
Communications (BUEC) processor and patch panel, as well as the BUEC
transceivers may be located in the ARTCC equipment room. An RCAG may
be collocated with the ARTCC facility.

14. AUTOMATED TERMINAI, INFORMATION SYSTEM. The Automated Terminal
Information System (ATIS) is typically used at high activity airports
and is a broadcast only service to pilots. The ATIS supplies
information relative to conditions at an airport and is available on a
continuous basis, with updates as required, during the operating hours
of the airport. The information provided consists of barometric
pressure, windspeed and direction, runway in use, airport advisories,
etc., and is broadcast either over a VHF Omnidirectional Range (VOR)
channel or a dedicated VHF channel. ATIS is available to aircraft at
higher activity control towers.

15. EN ROUTE FLIGHT ADVISORY SYSTEM. The En Route Flight Advisory
System (EFAS) is located at selected FSS's and provides pilots with
real-time weather advisories. The weather data provided is obtained
from real-time weather observations and pilot reports. When a pilot
requests EFAS service, the EFAS specialist monitoring the transmission
selects the appropriate ground transmitter and provides the
information the pilot requests. When the EFAS station is not manned,
an automatic voting system determines the ground receiver location
with the best reception from the aircraft and selects the appropriate
ground transmitter to relay prerecorded information to the pilot.
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FIGURE 2-4.
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The EFAS will soon be supported by the Automated Surface Observing
System (ASOS), the Automated Weather Observing System (AWOS), and in
the future by the AWOS Data Acquisition System (ADAS). A high
frequency capability is planned to expand the EFAS service to
international and trans-oceanic flights.

16. INTERFACILITY COMMUNICATIONS SYSTEMS. In the vast majority of
cases, cost considerations dictate that FAA owned facilities be used
when both FAA owned and leased interfacility communications facilities
are available. 1In exceptional circumstances, the FAA owned facilities
may already be fully utilized and additional interfacility
communications facilities shall then be obtained on a lease basis.-

17-21. RESERVED.

SECTION 2. FUNCTIONAL EQUIPMENT DESCRIPTION

22. GENERAL. The RCF equipment and its associated antenna system,
provide control facilities (ATCT, TRACON, ARTCC, and AFSS/FSS) with
radio transmitter and receiver system capabilities. An RCF may be
collocated with the control facility or geographically separate from
the control facility. The ability to remotely locate an RCF makes it
possible to locate antennas to meet air traffic requirements of radio
coverage and system protection. A single RCF may serve a number of
control facilities. Figure 2-5, RCF and Control Facilities,
illustrates the interrelationship between these control facilities.

23. TRANSMITTER SYSTEM. The VHF and Ultra High Frequency (UHF)
transmitter system associated with A/G radio communications includes
RF, antenna, audio, and control equipment. All new RCF transmitter
equipment will be solid-state. Vacuum-tube designed tone signaling
and control equipment is also being replaced on an emergency case-by-
case basis with solid-state control equipment until such time as the
equipment from the proposed CIP is deployed. -

a. RF Equipment. The RF equipment is comprised of main and
standby transmitters, and the associated transmission system. The
antenna system consists of the antennas and transmission lines which
connect the antennas to the transmitters, combiners, coaxial line,
coaxial RF line sections, circulators, filters, and coaxial relays.
The relays transfer main and standby transmitter outputs to the
antenna system. The main and standby equipment provide required
redundancy and are used interchangeably. The standby equipment is not
considered a backup system. There may be tunable BUEC transceivers
and their associated antenna systems at alternate locations.

Chap 2 Page 13
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b. Control and Audio Circuits. The control and audio circuits
between the control facility and the RCF are FAA owned landlines,
RCL's or leased unconditioned voice grade landlines. Transmit audio
from the control facility and receive audio from the RCF pass over
these circuits. Some sites have SS-1/SS-4 alternate leased line
switching. A leased line is capable of being switched when the
primary line fails.

c. Antennas. The transmit antennas may be omnidirectional or
directional depending on the coverage requirements. The antenna could
have a gain of 0dB or more. However, the license for the frequency
must state the antenna type, directivity, and gain.

d. Operation. The VHF and UHF bands are presently used by the
FAA for two-way communications in the ATC service. The existing
crystal-controlled, fixed-frequency, VHF exciters have a power output
of 10 watts in the 118 MegaHertz (MHz) to 137 MHz band. The UHF
exciters have a power output of 10 watts in the 255 MHz to 400 MHz
band. These exciters, when required, use a Linear Power Amplifier
(LPA) to increase output power to 50 watts to provide increased
service volume coverage. Additionally, BUEC transceivers are
functional in either the VHF or UHF bands and when required (ARTCC
only) have an RF power output of 20 watts.

24. RECEIVER SYSTEM. The VHF and UHF receiver systems associated
with A/G radio communications include: RF, antenna, audio, and control
equipment. Vacuum-tube designed tone signaling and control equipment
is being replaced on an emergency case-by-case basis with solid-state
control equipment until such time that newer equipment is deployed.

a. RF Equipment. The RF equipment is comprised of main and
standby receivers and the associated antenna system. The antenna
system consists of the antennas, transmission lines that connect the
antenna to the receivers, multicouplers, filters, and coaxial relays.
The coaxial relays are used to transfer main and standby receiver RF
inputs to the antenna systems. There may be tunable backup
transceivers and associated antenna systems at alternate locations.

b. Control and Audio Circuits. The control and audio circuits
between the control facility and the RCF are FAA owned landlines,
remote communications links, or leased unconditioned voice grade
landlines. Transmit audio from the control facility and receive audio
from the RCF pass over these circuits.
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FIGURE 2-5. RCF AND CONTROI, FACILITIES
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c. Antennas. The receive antennas may be omnidirectional or
directional depending on the coverage requirements. The antenna could
have a gain of 0dB or more. However, the license for the frequency
must state the antenna type, directivity, and gain.

25. ANTENNA SYSTEM. Half-wave, vertically polarized, omnidirectional
dipole antennas enclosed in fiberglass radomes are used. The dipoles
have an area of non-coverage directly over the antenna. This non-
coverage area leads to the requirement, in high and super high
sectors, for the RCAG site be located outside the sector boundaries
and not along an air route. Cross-channel interference, transmitter
power reductions, an increase in A/G radio communications, and
requirements for additional frequency channels demand better antennas.
The configurations are single VHF and UHF, and stacked collinear VHF
and UHF arrays. Directional VHF and UHF antennas are also used to
satisfy special coverage applications.

26. REMOTE MAINTENANCE MONITORING. The Remote Maintenance Monitoring
(RMM) system will improve the day—to-day operations and reduce main-
tenance costs. The equipment goal is to provide an efficient system
approach to integrate the requlrements of the Environmental Remote
Monitoring Subsystem (ERMS) sensoring and maintenance monitoring, and
emergency backup battery power control. A single maintenance
monitoring eguipment set is used to allow the monitor equipment to
integrate the monitoring facility with all of its associated remote
facilities. The remote site and facility maintenance panels have the
ability to interface with the Maintenance Data Terminal (MDT).
Maintenance monitoring parameters and Site Adaptation Data (SAD)
tables will be reviewed and/or edited locally with a MDT, or the
Maintenance Terminal (MT). The monitoring equipment is to provide ATC
facilities with a standardized remote monitoring system that
incorporates expansion and reconfiguration capabilities. The modular
construction of monitoring equipment accommodates the FAA size
requirements for ARTCC's, ATCT's, TRACON's and ATC facilities and
their associated remote radio facilities.

a. Monitor Equipment Functions. Automatic detection and alarm
sensors provide fault information for failures occurring within the
1ndlcator, display, and control subsystems and for failures occurring
within main, standby, or backup equipment. An alarm is sensed by the
closure of a normally open dry relay contact. This alarm information
is then converted to a serial digital format and transmitted over the
four-wire voice grade landline. Digital will be according to
manufacturer's specifications. The alarm system shall be capable of
displaying a momentary as well as a constant alarm condition.
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b. Remote Maintenance Monitoring. Facility RMM will be
provided through the monitoring equipment. The equipment will provide

each RCF with performance monitoring, and status certification
capability which can be accomplished from centralized control and work
centers. The RCF systems have a standardized subsystem for remote
monitoring of the operational status and key performance parameters of
A/G radio communications equipment, selected environmental building
parameters (ERMS), standby power source status, and site security over
the same voice grade line as the analog voice communications. ARTCC's
are considered the primary monitoring sites; however, other sites
such as ATCT and FSS/AFSS facilities equipped with RMM consoles and
interface components may also monitor communications equipment

status. A diagram of RMM is shown in Figure 2-6, Remote Maintenance
Monitoring System.

27. EMERGENCY COMMUNICATIONS. Some FAA facilities maintain
emergency communications A/G radio equipment to satisfy their
particular requirements.

a. Terminal Facility Emergency Transceiver. Portable self-

contained multi-frequency transceivers are located at ATCT and TRACON
facilities to provide emergency A/G radio communications in the event
of an airport emergency or primary power failure. These transceivers
ensure that a source of A/G radio communications is always available
and used only in the event of catastrophic failures of the main and
standby transmitter/receiver systems. Use is restricted to
emergencies because of the limited number of frequencies, low power
output, and potential for producing RF interference. Order 6510.4A,
Radio Communications Requirements for Air Traffic Control Facilities,
addresses current applications for emergency transceivers.

b. En Route Facility Backup Emergency Communications. Fixed

remote tunable VHF and UHF transceivers are used to provide backup
emergency A/G radio communications for ARTCC's located throughout the
United states. In the past, BUEC equipment was installed at various
alternate sites, i.e., ARSR, VOR, and RCL sites. The CIP made
provisions for locating BUEC installations for optimum coverage of the
required airspace. However, BUEC equipment shall not be located

at the RCF site due to the tuning capability of the transceiver and
the potential for causing cross-channel, intermodulation, and harmonic
interference. BUEC tunable transceivers are controlled at the ARTCC
through the BUEC processor, control group equipment, and BUEC selector
units at the controller's position. The BUEC processor provides
automatic allocation of transceivers with a predetermined priority for
up to 120 controller positions. The system capability has been or
will be expanded from up to 60 VHF and 60 UHF frequencies to up to 120
VHF and 120 UHF frequencies.
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FIGURE 2-6. REMOTE MAINTENANCE MONITORING SYSTEM
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The BUEC priority module can select up to 10 remote locations with the
original system, and up to 8 remote locations with the new modules.
Normally, only four remote sites are required to cover the actual
airspace of a particular frequency. Figure 2-7, ARTCC A/G
Communications System Redundancy, illustrates the system redundancy.

28. SUSTAINING BUEC SYSTEM. The present BUEC system is provided by
controllable multichannel equipment located within ARTCC facilities
and some remote collocated facilities, i.e., ARSR and TRACON sites.
The sustaining BUEC system has the principal function per Order
6510.4A to provide primary frequency backup to individual sector
communications when an RCF frequency is out-of-service. Sustaining
BUEC will use single frequency equipment installed at remote sites
within weather proof enclosures. Refer to chapter 6 paragraph 200,
for more information.

29.-32. RESERVED.
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FIGURE 2-7. ARTCC A/G COMMUNICATIONS SYSTEM REDUNDANCY
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SECTION 3. EQUIPMENT DESCRITPTION

33. GENERAL. The following equipment is typically located at A/G
radio communications facilities. :

a. Antennas.
b. Standard 83-inch high racks (EIA 19" W).
c. RF line section panel/RF relay patch panel.
d. VHF transmitters.
e. VHF receivers.
f. UHF transmitters.
g. UHF receivers.
h. VHF transceivers.
i. UHF transceivers.
j. Remote control and monitoring equipment.
k. Lightning and surge protection.
N Battery supply with charger.
n pc/AC TELCO Invertor.
N Mini-Demarc. N Equipment may not be in place.
The RCF may include additional equipment such as filters, combiners,
and multicouplers as required to meet the objectives of CIP Project
24-02, Communications Facility Consolidation Network. The quantity
and types of radio equipment required by the various control facility
categories are given in Table 2-1, Radio Equipment. For updated radio
equipment requirements, refer to Order 6510.4A and recommendations
made by CIP Project 44-03, Radio Frequency Interference (RFI)
Elimination Project.
34. VHF Transmitters. The VHF A/G transmitter consists of an exciter
and optional LPA. The exciter is normally used independently and is
capable of providing a carrier output power of 10 watts. The exciter

supports 25 KiloHertz (kHz) channel spacing between 117.975 MHz and
136.975 MHz.
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TYPICAL QUANTITIES OF EQUIPMENT PER CONTROL PACILITY

CATEGORY OF
CONTROL FACILITY
POSITIONS

RADIO
OPERATING

VHF UHP
FREQUENCIES FREQUENCIES

MAIN AND STANDBY
EQUIPMENT

EMERGENCY
TRANSCEIVER

Non-approach Control
Tower (Low Activity,
Visual Flight Rules:
Operates only 16 Hrs
daily)

Non-radar Approach
Control Tower
(Medium activity)

Radar Approach
Control Tower
(High activity)

(Tracon)
4 to 20 as
required

3 Transmit
3 Receive

If Military
2 Transnit
2 Receive

4 Transeit
4 Receive

If Military
3 to 4

7 to 24
Transmit
7 to 24
Receive

4 to 10
Transait
4 to 10
Receive

VHF =
6 Transmitter
6 Receivers

UHF (If assigned)
4 Transnmitters
4 Receivers

VHF =
8 Transmitters
8 Receivers

UHF (If assigned)
6 to 8 Transmitters
6 to 8 Receivers

VHF = 14 to 48
Transmitters
14 to 48
Receivers

UHF = 8 to 20
Transmitters
8 to 20
Receivers

1 VHF, 1 UHF
(If required)

2 VHF, 1 UHF
(If assigned)

2 VHF, 1 UHF

14 to 48
(TRACON)

1 VHF, 1 UHF
(Tower Cab)
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The LPA is capable of providing a power output of 50 watts when driven
by the exciter. The use of the 50 watt LPA is justified when the
power output of 10 watts from the exciter is not sufficient to provide
a -87 decibel relative to 1 microvolt (dBm) signal level at the 1nput
of the aircraft receiver located at the edge of the associated service
volume. The VHF A/G transmitter has a failsafe mode which, after
sensing power amplifier failure, switches the output of the exciter
directly to the antenna systenmn.

35. UHF TRANSMITTERS. The UHF A/G transmitter is similar to the VHF
exciter and optlonal LPA except for operating frequencies. UHF
transmission is between 225.000 MHz and 399.975 MHz with 25 kHz
channel spacing.

36. VHF RECEIVERS. The VHF A/G receiver associated with ATC service
is capable of reception on any one of 760 frequencies spaced 25 kHz
apart between 117.975 MHz and 136.975 MHz.

37. UHF RECEIVERS. The UHF receiver associated with ATC service A/G
radio communications is similar to the VHF receiver in overall
design, except for its operatlng frequency and number of frequencies
available. The UHF receiver is capable of reception on any one of
7,000 channels spaced 25 kHz apart between 225.000 MHz and 399.975
MHz.

38. NEW _TRANSMITTERS AND RECEIVERS. During the revision of this
order new activity has started to purchase new VHF and UHF
transmitters and new VHF and UHF receivers. This equipment could be
used in new or collocation projects. The new equipment as described
in the procurement specification will fit electrically and physically
into current RCF equipment racks and facilities without alteration.
One characteristic although is different in the VHF and UHF
transmitters. These units are not to be used with LPA's that require
control (i.e., PTT or actlvate) leads between the transmitter and the
LPA. No leads are provided in the new equipment. Refer to appendix 3
for equipment specifications.

39. REMOTE CONTROIL SYSTEM. The remote control system at the RCF
sites includes equipment to interface incoming audio landlines with
equipment to be controlled from a remote facility.

a. Components. New installations shall use solid-state radio
control equipment at control facilities for selection of A/G transmit
or receive radio channels and transmitter keying. Remote operation
includes paired transmitter/receiver control systems. The basic
components of each system include an active jack unit, an audio unit,
one or more selector units, a power supply assembly, and a patch
panel.
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b. Control Equipment. Various types of radio control or Voice
Frequency Control System (VFCS) interface equipments are utilized for
remote control of NAS transmitters and receivers. One of the more
popular systems in use today is the LCT-CNTR-IA and RCT-RCAG-IA
(VODATA) - system. Speech is contained in the 300 to 3000 Hertz (Hz)
range. Control functions are transmitted using the Frequency Shift
Keying (FSK) method at 2880 Hz *60 Hz. A notch filter is used to
remove the 2880 Hz signaling tone. This equipment is completely
solid-state and contains all of the equipment needed for processing
audio and control signals for transmit and receive, keying, muting,
and main/standby selection functions. Control of an RCF frequency
requires a four-wire voice grade, unconditioned landline or RCL.

c. Functions. Keying, muting, and transmitter/receiver
frequency selection functions are represented as a 12-bit synchronous
data word transmitted at 150 bits per second. The data word is
superimposed on the voice signal at the origination site interface,
and the combined signal is transmitted to the RCF. The voice and data
are received at the RCF site, where it is separated by a similar
interface and delivered to the radio equipment.

40. ANTENNAS. A number of antenna configuration and antenna arrays
are in use at RCF facilities.

a. Confiqurations. The antenna configurations are in single and
dual stacked collinear arrays. All are designed to match a 50 ohm
characteristic impedance transmission line. Each dipole within a
stacked array is independently operated with a high degree of
isolation. The electrical, mechanical, and installation
characteristics are compatible with existing and future FAA facility
applications.

b. Antenna Arrays. Highly directional antennas are also
utilized for resolving coverage difficulties. A directional collinear
antenna is available that has approximately four dBi gain
(directivity). Another directional Yagi-type antenna is also
available which provides approximately 10 dBi gain.

41. MULTICOUPLERS. Active receiver multicouplers which provide 0 dB
through-loss shall be used when an RCF uses multiple receivers and
site analysis dictates that more than one receiver would be connected
to a single antenna. The unit may have an output capacity of 16
ports; however, current policy stipulates that only four are used.
This criteria is predicated on single point failure potential of a
system architecture based on more than four receivers connected
through one multicoupler and one antenna. Unused ports shall be
terminated with 50 ohm loads. The multicoupler operates in the 118 MHz
to 138 MHz range for VHF and 225 MHz to 400 MHz range for UHF.
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42. COAXTAL RF LINE SECTIONS. The coaxial RF line sections are self-
contained, passive devices configured for permanent mounting in a 50
ohm RF line. They are used to monitor the Voltage Standing Wave
Ratio (VSWR) of transmission systems. Coaxial RF line sections, the
correct technical term, are sometimes referred to as an RF body.

43. COMBINERS. Transmitter combiners shall be used when site
analysis dictates the need to use a single antenna for more than one
transmitter. Through-loss is less than 3.0 dB for up to four
transmitter/antenna combinations. Consideration shall be made as to
the coverage area impact of the combiner through-loss.

44. ISOLATORS. Isolators are non-reciprocal devices with three ports
and are used for Intermodulation (IM) control. This is accomplished
by terminating reflected or other incoming signals into a 50 ohm load
on the third port.

45. FILTERS. Both transmitters and receivers shall use filters when
necessary to prevent transmitter noise and receiver desensitization.
All transmitters shall employ harmonic and intermodulation suppression
filters to reduce third order harmonics which may be magnified by the
use of combining systems.

46. TRANSMISSION LINE. Internal RF coaxial cable transmission paths
(i.e., to/from an internal RF cable patch panel) or external short
jumper cables shall utilize double shielded RG-214 or lower loss
RG-331. For long transmission paths (i.e., from facility to antenna
tower) the RF coaxial transmission cable shall be the lower loss
RG-333. Where RG-214 cable is not suitable (i.e., multicoupler
applications) double shielded RG-223 shall be used keeping lengths as
short as possible. The RF transmission cable in all applications
shall have a nominal 50 ohms impedance. Older cable types that might
exist (RG-8, RG-213 and RG-17) shall be replaced with the recommended,
lower loss RF cable types.

47. EQUIPMENT RACKS. The basic equipment rack frequently used to
house electronic equipment has a modular solid-sided steel sheet
metal cabinet with rear access door(s). A detailed description and
drawings of the 19 inch Electronic Industry Association (EIA) racks
are contained in FAA-E-2672A, Rack, Cabinets, Solid-Sided and Open-~
Sided Types. The following types of equipment cabinet racks are
presently available from the FAA Logistics Center:

NSN 5975 01 094 1436-1, Rack, Single Door, 83 inches High
NSN 8200 00 130 4280-1, Rack, DSRCE configured, 83 inches High
48.-51. RESERVED.
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SECTION 4. SITE CHARACTERISTICS

52. GENERAL. A majority of RCF site structures are over 40 years
old. Heating, ventilation, and air conditioning are insufficient, in
many cases, for the equipment housed in the structures. Much of the
RCF equipment located at some sites was designed in the mid 1950's
and uses vacuum-tube and electromechanical relay technology. Many
remote sites have already changed over to solid-state remote control
equipment.

53. STAND-ALONE RCF. An FAA study completed in April 1984 concluded
that 12 VHF and 12 UHF channels can be consolidated at a single RCF
through the use of external isolation devices such as combiners and
multicouplérs. RCF antenna site configurations and RFI suppression
devices should be considered. As a result, the present configurations
may be changed. RCF antennas are typically mounted on steel towers
with hexagonal or rectangular platforms with sidearms for antenna
separation. A site layout for an RCF is shown in Figure 2-8, Stand-
Alone RCF Site Layout.

54. COLLOCATED RCF. The FAA, in a project called "Cosite",
investigated the effects of antennas on RCF coverage when collocated
with a VORTAC site. The EMC and antenna configuration guidelines for
use in the RCF should also be considered. These sites require pole
mounting of RCF antennas. Typical antenna mounting details are shown
in Figure 2-9, Typical Antenna Pole Mounting. An integral RCF
collocated with a VORTAC is shown in Figure 2-10, Typical Integral
RCF/VORTAC Antenna Mounting. The antenna poles selected for use at
collocated RCF NAVAIDS are fiberglass or wood. Another configuration
is illustrated in chapter 6, Figure 6-38, Typical Region Supplied Let-
Down Pole Antenna. These poles exhibit a high dielectric constant as
compared with metal poles. The RCF antennas are typically mounted on
the cross-arm in let-down pole applications. The antenna pole
platform and the antenna pole cross-arm shall be oriented on the long
axis with respect to the VORTAC facility. RCF transmission lines may
be run underground (the recommended method) or suspended between the
building and antenna pole via messenger cable.

55. BUILDING FLOOR PLANS. The impact of the building floor plan
space for the added equipment shall be determined since sufficient
space may hot exist to meet standard space requirements for access to
the front, side and rear of the equipment. The actual RCF building
dimensions should be based on the quantity of equipment reguired to
support the number of frequencies to be installed at the collocated
RCL/RCF facility.
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FIGURE 2-8. STAND-ATONE RCF SITE LAYOUT
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FIGURE 2-10. TYPICAL, INTEGRAL RCF/VORTAC ANTENNA MOUNTING
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FIGURE 2-11.
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FIGURE

2-12. TYPICAL RCF/RCAG FIOOR PLAN WITH RACKS
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FIGURE 2-13. TYPICAL RCF/RTR FLOOR PLAN WITH RACKS
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a. Racks and Equipment. Typical rack and equipment floor plans
for stand-alone RCF/RCAG/RTR are shown in Figure 2-11, Typical RCF
Floor Plan with Racks (No Engine Generator), Figure 2-12, Typical
RCF/RCAG Floor Plan with Racks, and Figure 2-13, Typical RCF/RTR Floor
Plan with Racks.

b. Collocated Equipment. Typical RCF/VORTAC collocated
equipment floor plans are shown in figures 2-14 through 2-18 listed in
subparagraphs (1)-(6). These figures illustrate the equipment floor
plan layout showing equipment, RCF/VORTAC building conduit, and
junction boxes. The communications equipment backup power battery
racks are mounted no closer than three feet from the NAVAIDS battery
rack. Telephone Company (TELCO) termination equipment installation
shall be enclosed in a chainlink barrier isolated from FAA equipment
where possible. This would allow TELCO access to their equipment yet
maintain security of the FAA equipment.

(1) Figure 2-14, RCF/VORTAC Collocated in a 21' Diameter
Building, shows the floor plan and six communications equipment racks
and five future equipment racks collocated in the 21-foot size
RCF/VORTAC building that is not equipped with an engine generator.

(2) Figure 2-15, RCF/VORTAC Collocated in a 20'x 36!
Building, shows four communications equipment racks collocated in the
RCF/VORTAC facility.

(3) Figure 2-16, RCF/VORTAC Collocated in a 25'x 31!
Building, shows four communications equipment racks collocated in the
RCF/VORTAC facility. Although only four racks are shown for EFAS or
ATIS equipment, there is sufficient room for several more
communications equipment racks.

(4) Figure 2-17, RCF/VORTAC Collocated in a 32' Diameter
Building, shows four communications equipment racks collocated in the
building floor plan.

(5) Figure 2-18, RCF/VORTAC Collocated in a 36'x 36!
Building, shows five communications equipment racks collocated in the
building floor plan.

(6) An FAA-sponsored study has been conducted to analyze
concepts for a future standard shelter for RCF/VORTAC equipment. One
of these concepts is a 32-foot diameter signal counterpoise erected
over a 21-foot square facility shelter. The floor plan for this
building is shown in Figure 2-19, Future RCF/VORTAC Facility.

C. RCF Collocated at RCI,. The following are illustrations of
RCF/RCL collocated equipment building floor plans.
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FIGURE 2-14. RCF/VORTAC COLI,OCATED IN A 21' DIAMETER BUILDING
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FIGURE 2-15. RCF/VORTAC COLLOCATED IN A 20'x 36' BUILDING
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FIGURE 2-16. RCF/VORTAC COLLOCATED IN A 25°'x 31' BUILDING
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FIGURE 2-17. RCF/VORTAC COLLOCATED IN A 32' DIAMETER BUILDING
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FIGURE 2-18. RCF/VORTAC COLI.OCATED IN A 36'x 36' BUILDING
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FIGURE 2-19. FUTURE RCF/VORTAC FACYILITY
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FIGURE 2-20. RCF/RCL COLLOCATED IN A 14°'x 26' BUILDING
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(1) Figure 2-20, RCF/RCL Collocated in a 14'x 26' Building,
shows communications equipment racks collocated in an RCF building.

(2) Figure 2-21, Small 10'x 14' RCL-Building, shows the
layout of a small building.

56.-60. RESERVED.

Chap 2 Page 41
Par 55



6580.3A 11/1/93

FIGURE 2-21. SMALL 10°'x 14' RCI, BUILDING
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CHAPTER 3. MANAGEMENT OF RCF
SECTION 1. ADMTINTSTRATIVE

61. GENERAL. Several administrative tasks need to be accomplished
before the actual installation takes place at any of the RCF. These
tasks include the acquisition of land, appropriation of funding,
filing environmental impact statements, and securing permits to
construct new sites or to modify existing sites. The following
sections will address these tasks.

62. NOTICES TO ATRMEN. Notices To Airmen (NOTAM) may be used for
various actions or pending actions.

a. Shutdown NOTAM. The extended shutdown of commissioned
facilities undergoing extensive equipment changes, additions, or
modernization necessitates the issuance of an advance SHUTDOWN NOTAM.
Advance NOTAM's, whenever possible, are normally issued by the
regional office where more effective coordination with other groups is
possible. This authority may be delegated by the regional office to
field installation personnel when the actual shutdown date is
contingent upon work progress.

b. Return to Service NOTAM. A return to service NOTAM is
issued by the regional office after work done to an existing site is
completed. A Joint Acceptance Inspection (JAI) may be necessary
before a "return to service" NOTAM can be issued.

c. Commissioning NOTAM. A commissioning NOTAM is issued by the
regional office when a new facility is completed or an existing
facility undergoes significant changes. This requires the successful
completion of a JAI prior to issuing the NOTAM.

63. PLANNING.

a. Land Acquisition. Many RCF facilities will be collocated at
existing host facilities. When this is not feasible, however, it will
be necessary to construct a new facility. Proposed RCF facilities
require siting and possible land acquisition. This process includes
submitting a legal description and a plot of the site including access
roads and utility easements. Proof of conformance to zoning
restrictions is also required. This document must be presented prior
to requesting the acquisition of property rights. All transactions
for acquiring property rights, whether for purchase, lease, or use
restrictions, are governed by Order 4660.1, Real Property Handbook.
These transactions are handled by FAA real estate office personnel.
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b. Funding. When land is to be purchased for a new facility
site, funds for the purchase shall be included in the region or center
Facilities and Equipment (F&E) budget in the same fiscal year as the
funds for the facility equipment, installation, and building. This
amount is an estimate of the value of the land rights to be acquired,
plus acquisition costs and a 15 to 20 percent contingency.
Instructions for including land acquisition funds in the annual F&E
budget submission are found in Order 2500.55, Call for Estimates -
Facilities and Equipment, which is updated annually.

c. Determination of Need to Acquire. All possible sites which
are found acceptable for the efficient operation of the facility must
be considered. Before any action has begun to acquire new land, a
determination must be made that the requirements cannot be satisfied
by use of property already held by the FAA, property which is
accessible to other Government agencies, public land, exchange of
Government-owned property for privately-owned property, or the use of
existing rights-of-way and easements when available at nominal cost or
less.

64. TASKS.

a. Site Investigation. Prior to conducting investigations and
tests, the legal right to enter and use the land must be obtained in
writing from the landlord and, if appropriate, the right to clear or
otherwise change the character of the land must also be obtained. 1If
verbal authorization is granted, confirmation must be made in the form
of a letter with a return receipt. When a landowner will not grant a
right of entry, a right of entry must be obtained through the United
States (U.S.) courts. Local U.S. attorneys should be consulted
through regional counsel in these instances. Contacts with landowners
should generally be made by FAA real estate personnel, and when
contacts are made by others they must be under the direction of the
FAA real estate office.

b. Environmental Impact Statements. Environmental Impact
Statements (EIS), or a Finding of No Significant Impact (FONSI) shall
be approved before negotiations for the acquisition of any land
interest begin. Real estate files should contain a copy of the EIS,
FONSI, or a reference to the office of record.

c. Land Office Survey. It is of prime importance to identify
the owners of the land for all candidate sites and obtain the
addresses through which they may be contacted. The legal description
of land can usually be obtained locally from the city, township, or
county clerk's office. Whenever possible, a copy of the deed(s) or
other appropriate documentation showing land ownership should be
attached to the site survey report. Land adjacent to the proposed
sites may be affected by the site zoning restrictions. These restric-
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tions may be determined during the office survey, so that the
ownership information of this type of land, may also be included in
the site survey report.

d. Temporary Agreement. Once the site surveys are completed
and it has been decided to field test a specific candidate site, a
temporary agreement must be entered into with the property owner(s).
This agreement (Permit to Test, Testing License, etc.) will secure
entry and access to the property for setting up a portable RCF and
testing the site. Contact the regional real estate office of the
Logistics Division for specific details concerning these agreements.

e. Zoning Restrictions. When the temporary agreement is
secured, the landowner(s) should be made aware that zoning
restrlctlons will be required if the site is actually selected. This
will reduce the possibility of complications during lease
negotiations.

f. Temporary Permits. Temporary permits to utilize access roads
of adjacent property owners shall also be obtained prior to site
testing. An easement is often all that is required to install a
permanent access road to a facility, making the actual purchase of
land for this purpose unnecessary. Leases or other agreements, as
required, should be entered into with appropriate governing agencies
or property owner(s) for the use of existing roads. The regional real
estate office of the Logistics Division should be contacted for
appropriate procedures for entering into such agreements.

65.-69. RESERVED.
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SECTION 2. TECHNICAIL

70. GENERAL. The RCF may be a stand-alone facility or it may be
collocated with an FAA-owned host facility, i.e., a control facility,
NAVAIDS facility, radar facility, or a RCL. Important attributes to
consider when selecting an RCF site include the surrounding
topography, ground conductivity, and the amount of ambient electrical
noise. An RCF site must be capable of transmitting and receiving a
usable signal within its service volume area. Since site conditions
may have an adverse impact on the performance of NAVAIDS, radar, or
other host facility equipment, coordination is required between the
respective program managers of the collocated facility types.

71. DESIGN CONSIDERATIONS. The primary concern of those responsible
for siting an RCF is the awareness of potential interference generated
in the environment of the proposed site. If the interference
encountered during the selection process exceeds the maximum allowable
levels, the site shall be removed from the list of candidates.

a. Electromagnetic Interference. EMI is the unintentional
radiation from equipment such as microwave ovens, industrial heaters,
welding equipment, electronic door openers, etc. Equipment installed
in the vicinity of the antenna site is addressed under Federal
Communications Commission (FCC) regulations. The regional spectrum
engineering office reviews all requests by commercial interests to
install RF emitting equipment in the proximity of FAA facilities.

b. Electromagnetic Compatibility (EMC) /RFI. Licensed radio

equipment shall be engineered and installed so that no radio
interference is experienced at the input to the RCF receivers. The
maximum allowable undesired signal level at the input of the RCF
receivers from any licensed station is =104 dBm for signals within
VHF and UHF bands, and -45 dBm for signals outside the A/G
communications RF bands.

(1) RF Interference. Interference pertaining to RF
transmitter and receiver sites can be classified into two categories:
transmitter noise and receiver desensitization.

(a) Transmitter Noise. This noise is the sideband
energy produced by a transmitter. When a transmitter is collocated
with a receiver, transmitter noise may cause reduced receiver
performance when the noise is greater than the receiver's sensitivity.

(b) Receiver Desensitization. This condition occurs
when the transmitter carrier's sideband energy from an on site
transmitter spills into the receiver's selectivity band.
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(2) <Transmitter Generated Noise. The four basic transmit-
ter generated interference sources that can affect communications
receivers are shown in the following list.

(a) Transmitter sideband energf.

(b) Spurious transmitter modulation.
(c) Overmodulation of the carrier.
(d) Intermodulation.

(3) Thermal Noise. Receiver sensitivity is theoretically
limited to thermal noise which is present in all dissipative
materials. Shot noise is also present and is a byproduct of current
flow. In some instances pre-selectors used in front of a receiver may
introduce noise into the receive system. Bandpass filters having very
steep skirts are used at congested sites to accommodate multiple
receivers and transmitters. Use of these devices can increase the
noise level at the front end of the associated receivers. Proper
engineering and judicious use of these devices will prevent surpassing
the noise sensitivity of the receivers in use.

c. Siting Criteria. .The primary purpose of selecting a site is
to provide effective service volume coverage for ATC communications.
There are three site characteristics that must be evaluated when
selecting a site for A/G communications: surrounding terrain, ground
conductivity, and ambient RF noise.

(1) Surrounding Terrain. The topography near the site
should not limit radio line of sight. Perfect optical line of sight,
although desirable, is not necessary since some refraction takes place
at VHF and UHF frequencies. Flat terrain requires evaluation of the
effect of ground reflections on the vertically polarized A/G
communications signals. Ground reflections predominantly affect A/G
communications with high flying aircraft. A concern in evaluating
refractions is the effect of terrain at low angles which affects
communications with aircraft flying at low altitudes and at maximum
range. The lowest altitude will generally be 2,000 feet. The direct
ray angle for high altitude approach control characterized by the beam
elevation and the beam width is 0.14 degrees. The direct ray angle
for extreme range and lowest altitude is 0.72 degrees. These angles
are close to horizontal.

(2) Ground Conductivity. Good ground conductivity will
improve the low altitude RF coverage at great distances from the site.
Conductivity of the soil at a distance of three to five wavelengths
around the site is considered good if it is between 0.01 to 0.02 mho
per meter. Typical ground conductivity for various types of soil and
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TABLE 3-1.

11/1/93

TYPICAL, ELECTRTICAL, PARAMETERS FOR EARTH AND WATER

Ny e R A e R N Y L e T

Earth Type

Conductivity (6)

Permit-
tivity

Poor
Moderate
Fair
Average
Good
Dry
Land
Desert
Dry,Sandy, Flat-Typical Coastal
Flat,Wet Coastal Region
Dry Sandy Soils
Pastoral Land
Pastoral Hills, Rich Soil
Pastoral Medium Hills & Forest
Fertile Soil
Rich Agri. Land (Low Hills)
Rocky Land (Steep Hills)
Highly Moist Soil
Wet Soil
Marshy Soil
Marshy, Flat (Dense Woods)
Marshy, Forested, Flat

Low Hills w/Unforested Rich Soil

Mountainous, Hilly (71000 Meters)
Urban Industrial (Avg. Atten.)
Urban Industrial (Max. Atten.)
Urban Industrial

Fresh Water

Fresh Water (10°C at 100.0 MHz)
Fresh Water(20°C at 100.0 MHz)
Sea Water

Sea Water(10°C at Up to 1.0 GHz)
Sea Water(20°C at Up to 1.0 GHz)
Sea Ice

Polar Ice

Polar Ice Cap

Arctic Land

0.001
0.003
0.01
0.005 to 0.03
0.01 to 0.02
00001 to 0.001
0.002
0.01
0.002
0.01 to 0.02
0.001
0.005
0.003
0.004
0.002
0.01
0.002
0.005
0.001
0.1
0.0075
0.008
0.01 to 0.02
0.001
0.001
0.0004
0.0001
0.001
0.001
0.001
3.0
4.0
4.0
0.001
0.000025
0.0001
0.0005

to
to

0.01
0.006

to
to

to
to
to
to
to
to

4.0 to
4.0
15
10 to

4.0 to

2.0 to
15
3.0
10

4.0
10
15
14
13
10
15

10 to 15
30
5.0 to 30

to

to
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water is shown in Table 3-1, Typical Electrical Parameters for Earth
and Water. Refer to paragraph 127, chapter 4, for measurement method
guidance. A system of ground conductors can be installed to improve
the ground plane near the site if the ground conductivity is less than
desirable. The conductors that form the counterpoise/ground plane
must not be spaced more than 0.1 wavelength from each other at the
lowest operating frequency. This means separatlon can be no more

than 10 inches if the lowest operating frequency is 118 MegaHertz
(MHz). Adding m01sture-reta1n1ng plants and shrubs near the site will
improve ground conductivity by increasing the moisture content of the
soil. This strategy can be used if ground conductivity is only
marginally low. Refer to paragraph 91, Chapter 4, for conductance
enhancement guidance.

(3) Ambient RF Noise. Both the VHF and UHF A/G
communications bands used by the FAA are in a heavily used portion of
the radio spectrum. This, coupled with atmospheric noise and manmade
noise, contributes to the ambient noise level at A/G communications
sites. Typical ambient RF noise levels between 100 KiloHertz (kHz)
and 10 GigaHertz (GHz) are shown in Figure 3-1, Typical Average
Ambient Noise Level. A noisy RF environment can reduce the effective
receiver range at a site.

FIGURE 3-1. TYPICAL, AVERAGE AMBIENT NOISE LEVEL
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This effect is because the RF noise can mask the desired signals.
Also, a receiver's squelch circuit must be set higher than the ambient
RF noise level to be effective. The higher the RF noise level, the
higher the squelch setting and the stronger the desired signal has to
be in order to be received. An evaluation of the RF noise level at a
prospective site should be done prior to site selection.

72. INSTALLATION. Installation of equipment at an RCF is the
responsibility of regional FAA personnel or their contractor
installation team. Management of and responsibility for installation
may differ depending on whether FAA personnel or contractor personnel
are used. Onsite responsibilities for the pre-installation,
installation, checkout, verification, and acceptance of the RCF are
divided among the various categories of management. Installation
responsibilities are divided among the regional office RCF project
coordinator, sector office management, the installation team leader,
and the installation team in accordance with the regional work order.
The onsite assignment of responsibilities of each is general in
scope.

a. Washington Office RCF Project Manager. The Washington Office
RCF Project Manager is primarily responsible for the facilities and

equipment. This includes the planning and funding of the program, the
development of the program plan, site requirements, installation
standards, coordination of regional planning into the national
program, and initiation of procurement requests any national equipment
procurements.

b. Regional Office RCF Project Coordinator. The Regional
Office RCF Project Coordinator is primarily responsible for the

management of the region's RCF program. This includes initiation of
regional actions to implement the RCF program, coordinating material,
and site planning. The following are also regional office coordinator
responsibilities.

(1) Site preparation prior to the arrival of the
installation crew.

(2) Pre-installation testing and verification of the
existing equipment.

(3) Completion of all pre-installation tasks.

(4) Assistance to the Technical Onsite Representative
(TOR) and contractor or FAA installation team.

(5) JAI.
(6) Local procurements.
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c. Sector Office Management. Sector office management provides
personnel and equipment under the guidance of the TOR's FAA
installation team leader. Following are tasks supported by the
sector office: )

(1) Facility shutdown.
(2) Facility return to service or commissioning.

d. TOR's Responsibility. The TOR is the coordinator for the
entire onsite contractor installation process and is responsible for
ensuring completion of the tasks. Duties include, but are not limited
to, verifying the proper pre-installation, installation, checkout, and
acceptance of the RCF equipment installation. The TOR will maintain a
site log of the installation history. This log includes daily entries
for arrival and departure time of contractor personnel, and logging of
problems concerning installation, configuration, administration, and
management during the project. This log can be used for cross-
checking and verifying the contractor's log. Specific duties of the
TOR are to ensure that the contractor's tasks listed in subparagraphs
(1)-(4) are performed.

(1) Establish and maintain a contractor site log.
(2) Verify and update equipment configuration data.

(3) 1Install, adjust, and align equipment in accordance with
FAA approved technical instruction manuals.

(4) Conduct acceptance tests, Contractor Acceptance
Inspections (CAI) and JAI in accordance with FAA instructions.

(5) Complete all necessary forms and records required for
facility return to service or commissioning.

The TOR is responsible for ensuring that:
(1) Access to the site is available to the contractor.
(2) VNecessary equipment is available to the contractor.

e. Installation Team Leader. The installation team leader is
the FAA installation team coordinator for the onsite installation
process. It is the responsibility of the team leaders to verify the
proper pre-installation, installation, checkout, and preparation for
acceptance of the RCF equipment installation. The team leader's
duties are similar to those of the TOR. Supervision by the team
leader, however, is limited to the FAA installation team.
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f. Installation Team. The installation team is responsible for
installation of new equipment in accordance with the instructions of
the work order. The installation team is also responsible for the
removal and proper packaging for shipment of any old equipment removed
during the installation process. Additional duties include the
following:

(1) Establish and maintain regional documentation.

(2) Verify equipment configuration and individual serial
numbers.

(3) Assist in conducting acceptance tests and logs results
in accordance with FAA approved methods.

73. TESTING AND EVALUATION. Final testing, evaluation, and
acceptance shall be accomplished in accordance with Order 6030.45,
Facility Reference Data File, which describes the CAI and JAI. FAA
Form 6030-17, Technical Reference Data Record, shall be used to record
test data. The contractor is obligated to correct all discrepancies
found during the CAI. The contractor is under no further obligation
after the JAI is accepted by the FAA. A list shall be kept of all
exceptions from the JAI checklist along with its status. The regional
office is responsible for the planning and monitoring of this effort.
Further details on testing and evaluation of 1nstallat10ns is found in
Chapter 7, System Test and Acceptance.

74.-78. RESERVED.
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CHAPTER 4. GROUNDING AND LIGHTNING PROTECTION

SECTTON 1. GENERAL REQUIREMENTS

79. GROUNDING SYSTEM. Compliance with the RCF grounding and
llghtnlng protection requirements provides protection to equipment,
improved operation of the communications equipment, and safety to the
operators. The reason for installing a ground system for lightning
protection is that a lightning discharge cannot be prevented. On the
other hand, however, the damage caused by lightning can be minimized.
The benefits of a good ground system are realized in the ability to
route the lightning currents so that equipment is not damaged and
personnel are not harmed. A complete, properly installed ground
system is the only way to control the current path of a lightning
discharge. This is a much better scenario than being unprepared for a
lightning discharge which has the potential to render the site
inoperative and injure personnel. The ground system also contributes
to the reduction of EMI/RFI and improved EMC. Transmitters and
receivers require a good ground reference in order to perform at their
designed specifications. Antenna systems also require a properly
installed ground system in order to produce the specified radiation
pattern. The detrimental effects of ground reflections on RF coverage
are increased when an antenna system is not provided with a proper
ground system. The major subsystems of the grounding system are the
earth electrode system, lightning protection system, multipoint
grounding system, and single point ground system. This chapter will
provide instructions for meetlng the grounding and lightning pro-
tection requirements specified in FAA-STD-019b, Lightning Protection
Grounding, Bonding, and Shielding Requirements of Facilities.

80. GROUNDING SYSTEM TERMINOLOGY. Previously, many terms were used
interchangeably. For consistency, underlined titles below are the
terms this text will use. Other terms listed are for reference only.

a. Earth FElectrode System Ground. Other terms commonly used
were earthing conductegrs, counterpoise cable, ring ground, station
ground, grounding electrode, and facility ground.

b. Multipoint Ground. Other terms commonly used were high
frequency ground, equipment ground, chassis ground, and frame ground.

c. Single Point Ground. Other terms commonly used were low
frequency ground, signal ground, and signal reference ground.

d. Protection Ground. Other terms commonly used were safety
ground, ground fault protection system, AC ground, and power ground.
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81. GROUNDING SYSTEM DESCRIPTIONS. RCF facilities contain several
identifiable grounding systems. These are described in the following.

a. Earth Electrode System. The earth electrode system is a
network of electrically interconnecting rods, plates, piping, inciden-
tal electrodes (metallic tanks), cables or grids installed below grade
external to the facility. The earth electrode system shall provide an
electrical connection to earth with an earth-to-electrode resistance
equal to or less than 10.0 ohms. The earth electrode system is con-
nected by a single large cable to the internal facility main ground
plate providing a common, low resistance electrical path to earth
ground.

b. Lightning Protection System. A lightning protection system
shall be provided for all structures through the use of air terminals
and their associated down conductors, which provide a low resistance
electrical path to the earth electrode system. Transient and surge
suppressors shall be used on incoming facility conductors and on
cables interconnecting widely separated equipment or facilities in
order to prevent damage from lightning induced power surges. The
lightning protection system electrical path shall exhibit a low
impulse impedance to reduce transient potentials and provide high
power transfer capability to dissipate energy to earth.

c. Multipoint Grounding System. An internal facility grounding
system shall be implemented with a multipoint grounding system. This
system provides low resistance, high frequency multiple electrical
paths via the main ground plate to the earth electrode system. All
equipments and chassis grounds shall be connected to this system. The
reference color for the multipoint ground conductor is green with an
orange tracer. The grounding system shall provide a low resistance
return path for electrostatic charge and potential differences on
chassis ground to near earth potential. A typical grounding system is
illustrated in Figure 4-1, Typical Facility Grounding Systemn.

d. Single Point Ground System. A single point ground system
shall be provided by an isolated and separate electrical path ground-
ing system. This system provides a separate low resistance, low
frequency path via the main ground plate to the earth electrode
system. The reference color for the signal ground conductor is green
with a yellow tracer. The single point ground system shall provide a
ground reference for signal voltages and a low resistance conductor
path to ground independent of static charges common in alternating
current (AC) power and equipment protective ground.

e. Protection Ground. The protection ground shall be provided
by a separate path grounding system. This ground shall be part of the
AC power wiring system and shall be included with all AC voltage
conductors (black and white) as the third (green) wire.
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FIGURE 4-1. TYPICAL FACILITY GROUNDING SYSTEM
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The protection ground provides protection to personnel and equipment
from electrical distribution faults or unintentional connections. The
protectlon ground system shall join the electr1cal neutral at the
service disconnecting panel.

82. EMI. EMI is a term used generally to include all applicable
interference to electronic equipment. Included also are the terms
RFI, Electromagnetic Pulse interference (EMP), and equipment
characteristics of EMC. Requirements for compliance and testing are
found in the following specifications, standards (STD) and manuals:

a. FAA-G-2100e, Electronic Equipment, General Requirements.

b. FAA-STD-020b, Transient Protection, Grounding, Bonding and
Shielding Requirements for Equipment.

c. MIL-STD-461C, Electromagnetic Emission and Susceptibility
Requirements for the Control of Electromagnetic Interference.

d. MIL-STD-462, Electromagnetic Interference Characteristics,
Measurement of.

e. MIL-STD-463A, Definitions and System Units, Electromagnetic
Interference and Electromagnetic Compatibility Technology.

f. MIL-STD-454, Standard General Requirements for Electronic
Equipment.

g. NTIA Manual, National Telecommunications and Information
Administration, Regulations and Procedures for Radio Frequency
Management.

83. TRANSIENT PROTECTION. Surge and transient protection shall be
provided on all coaxial cables, paired signal landlines, and AC power
lines entering or leaving a facility or interconnecting w1dely spaced
equipment within a facility. The facility grounding system is a vital-:
part of equipment, coaxial cable, and signal landline protection. The
AC power ground must meet the National Electric Code (NEC) Article 250
requirements. Further topic discussion can be found in section 6.

84.-87. RESERVED.
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SECTION 2. EARTH ELECTRODE SYSTEM

88. GENERAL. The RCF equipment requires an effective earth
electrode system for the facility to function properly. The earth
electrode system provides a source of ground potential so that all
ground conductors connected to it safely dissipate stray currents.
The earth electrode system for the RCF shall be in accordance with
FAA-STD-019b. If an RCF is collocated with a host facility such as a
NAVAIDS or radar site for example and the host facility meets the
requirements of FAA-STD-019b, the RCF shall utilize the host
facility's earth electrode system. If the host facility does not have
an earth electrode system which meets the standards, the earth
electrode system shall be upgraded.

89. ENVIRONMENTAL CONDITIONS EVALUATION. The following conditions
shall be ascertained before a new ground system is planned for an RCF.

a. Type of terrain; i.e., soil or rock.

b. Type and condition of subterranean soil.

c. Location of site; i.e., wetland or flood zone.
d. Depth of frost line.

Normally, this information is readily available for an existing site;
however, a new site may require borlngs to determine the condition of
the subterranean soil. If a tower is planned for a new site, soil
borings will have to be done prior to de51gn1ng the tower foundation.
The information gathered from these borings is adequate for assisting
in the design of an earth electrode ground system. When a
communications tower is not planned, soil borings shall be done in the
vicinity of the planned RCF.

90. EARTH RESTSTANCE. Earth resistance test measurements shall be
made of the surrounding earthen area of the site where the earth
electrode system is to be installed. An earth electrode ground system
resistance of 10.0 ohms or less to ground needs to be established for
proper operation of the system. Several options can be implemented
regarding the type of ground system to use and treatment of the soil
if measurements show that the required predicted earth resistance is
not met. Analyses and calculations are contained in Order 6950.19,
Practices and Procedures for Lightning Protection, Grounding, Bonding,
and Shielding Implementation.

91. DESIGN PARAMETERS. The elements of an earth electrode system
are the ground conductors and the earth penetration devices. These
elements are in the form of copper wire conductors and copper rods
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which are placed under ground, above ground, around structures and
around towers. This grounding system is connected to the structure
and tower air terminals, structure steel, fuel tanks, water lines,
facility main ground plate and the AC power system neutral. The type
of earth electrode system used will differ in design depending on the
conditions at the site. When an RCF is located on a rock surface, the
usual method of sinking rods into the ground and burial of conductors
to provide earth ground will not be possible. In this instance, a
ground plane over the rock surface shall be constructed. Chemical
enhancement of the soil can be used to increase conductivity of the
ground system when soil conditions make it impossible to achieve an
earth-to-electrode resistance of 10.0 ohms or less.

a. Ground Rod System. The standard RCF earth electrode system
consists of ground rods, grounding conductors, an earth electrode
counterpoise, and a main ground plate. The earth electrode
counterpoise is the underground interconnecting conductor. This
conductor shall be No. 4/0 American Wire Gage (AWG), stranded bare
copper wire, used to connect the ground rods in a rectangular or
circular array. Ground rods shall be composed of copper-clad steel or
solid copper and shall be a minimum of 10 feet long and 3/4 inch in
diameter. They shall have a threaded surface so that more than one
rod may be connected together where applicable for deeper penetration
into the earth. The earth counterpoise conductor shall be positioned
at least 2 feet below the ground surface. The tops of ground rods
shall not be less than one foot below the ground surface. All
connections to the -earth electrode system shall be exothermic welds.
The earth electrode system shall have a resistance in the earth of
10.0 ohms or less, as measured in accordance with FAA-STD-019b, and
described in section 6 of this chapter.

(1) Depth of Penetration. The depth to which ground rods
are driven depends on the conductivity of the soil, the level of the
water table at the site, and the distance between rods. Penetration
into a permanent water table is most desireable. In northern parts of
the country, rods shall extend below the frost line where possible.
This could mean driving rods to a depth of 30 feet in some instances.
Driving a ground rod farther into the soil to reach a water table is
recommended when the upper portion of the rod lies in soil with a low
moisture content or in poorly conductive soil such as sand or
permafrost. If a ground rod assembly is driven deep into good
conductive soil, the upper 10 feet will conduct a majority of the
initial current. This limits the flow of current further down the
rod. Therefore, when soil conductivity and moisture content are high,
grounds rods should npt extend beyond 12 feet below the surface.

(2) Number of Rods and Spacing. The number of rods used at
a site is dependent on the requirement to satisfy the earth-to-
electrode resistance. A general rule for determining distance between
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ground rods is that the distance between rods shall be greater than
their length. The closer the ground rods are spaced, the hlgher the
interconnecting inductance. A chart which compares the change in
resistance with respect to the number of rods used and the distance
between them is shown in Figure 4-2, Change in Resistance vs Number
and Spacing of Rods. All sites will require more than five grounding
rods.

(3) Interconnection of Rods. The ground rods shall be
interconnected with copper cables. These conductors shall be No. 4/0
AWG stranded bare copper wire with joints made with exothermic welds.
The interconnecting conductor shall be buried at least 2 feet below
the surface. In areas where the frost line is below this level, the
conductor shall be buried below the frost line, if practical.

b. Alternative Ground Plane System. An alternative ground
plane system uses wires or large copper straps spread out over sandy
or rock surfaces in the form of radials. These conductors are buried
underground or laid over the surface and anchored with ground rods.
The underground conductors are buried at least 2 feet, or below the
frost line, which ever is deeper. With the addition of the conducting
radials, the rocky surface will carry a surface charge creating a
large area over which lightning will dissipate.

(1) Underground System. Horizontal bare conductors buried
under the ground in a radial or grid configuration can produce an
earth-to-electrode resistance of less than 10 ohms. In poor or
layered soil, ground rods may be needed in addition to radials or a
grid in order to reduce the resistance. Increasing the number of
conductors does not -automatically reduce the resistance unless the
conductors are spaced to minimize mutual interference between
conductors. In addition, the transient impedance of each vertical
ground rod and each conductor in a grid must be assessed so the safe
limit for step voltage is not exceeded. The underground system
designer should refer to Order 6950.20 for more design references.

(2) Above Ground System. Conductors on top of a rocky
surface must be made shorter than conductors buried under ground. The
accumulated inductance on long conductors limits surge currents from
propagating the length of the wire. In this situation, a greater
number of conductors of shorter length is needed to satisfy the
requirements of the ‘earth electrode system. Flat strap copper is
better for the above ground conductors if conditions permit its use.

c. Chemical Enhancement. Chemicals added to the soil to
improve conductivity effectively increase the capacity or volume of
the soil to dissipate electrical currents from lightning strikes.
Adequate amounts of chemicals should be used to allow for the effects
of dilution from rainwater and runoff. It takes approximately 40 to
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FIGURE 4-2. CHANGE TN RESISTANCE vs. NUMBER AND SPACING OF RODS
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90 pounds of chemical in the application to attain the increased soil
conductivity. This application will be maintained for 2 to 3 years.
See manufacturer instructions as to required application surface area.
The effect of chemical treatment is shown in Figure 4-3, Effect of
Chemical Treatment on Resistance of Ground Rod System. The effect of
seasonal resistance variations of chemically treated soil versus
untreated soil is also shown in figure 4-3. Chemical gels shall not
be used as a conductivity enhancement in surface grounding systems at
RCF sites.

92. INSTALIATION.

a. Pre-installation Tasks. Before work begins, a schedule
shall be established so that site excavation will coincide with the
hole and trench digging necessary for earth electrode system
installation.

b. CAUTIONS. The following task cautions shall be addressed
prior to installation.

(1) Prior to upgrading the earth electrode system, request
the issuance of a NOTAM and coordinate all systems shutdowns with air
traffic personnel.

(2) To avoid injury to personnel and any possible equipment
damage, turn off the AC power at the service entrance disconnect, and
if possible, at the transformer.

(3) To avoid damage to existing buried cable, contact the
appropriate personnel before digging holes and/or trenches.

(4) Hand digging tools shall be used in uncertain cabling
locations to avoid damage to existing buried cable. No power digging
equipment shall be used.

c. New Earth Electrode System. Specific site conditions will
dictate the type of grounding system applicable to the RCF and the
action necessary to meet the required earth-to-electrode resistance.

(1) Ground Rod ILocation. Ground rods shall be driven into
undisturbed or compacted earth. If rods must be located in gravel
drainage areas, the rods shall extend at least 8 feet into
undisturbed earth beneath the drainage area. The assumption is that
the drainage area is dug below the average ground level. In northern
areas the ground rods shall be driven so that 10 feet of the rod
assembly extends below the frost line. The rods are driven into the
earth either by hand or with a driving rig. A driving stud shall be
used to protect the threaded end of the rod when it is being driven
into the ground.
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FIGURE 4-3. EFFECT OF CHEMICAL TREATMENT ON RESISTANCE
OF GROUND ROD SYSTEM
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(2) Interconnecting Cable. Interconnecting cable shall be
attached to a ground rod by exothermic welding normally. -Only
exothermic welds are used when the interconnecting cable ground rod
connections are to be covered with earth and are to be inaccessible.
Underwriters Laboratory (UL) approved clamps may be used in an access
well, with the exception that a down conductor directly from an air
terminal always requires an exothermic weld. Clamp connections are
permissible only in access wells because there they can be inspected
periodically for maintenance. An example of a tower and structure
earth electrode system is shown in Figure 4-4, Typical RCF Earth
Electrode System. Use of an interconnected solid copper strap grid or
star does not preclude the normal use of No. 4/0 AWG perimeter cable.

(a) Trenches. In new installations a trench is dug
for the interconnecting cable around the building from two to six feet
from the outside wall. Another trench is dug up to the facility main
ground entrance junction box where the cable will be installed. The
trenches are dug 2 feet deep in most cases. In northern areas where
the frost line is .at a depth greater than 2 feet, the trenches are
dug deeper than the frost line.

(b) Rod Connections. Connections to the ground rods
are made by exothermic welds using the proper size splicer molds and
cartridges. An illustration of the steps involved in this procedure
is shown in Figure 4-5, Exothermic Welding Process, and Figure 4-6,
Ground Rod Welds.

(3) Access Wells. Access to the earth electrode system may
be provided by the use of access wells. These wells are constructed
of clay or concrete pipe with a hinged or removable cover plate. When
an access well is located at the junction of a ground rod and an air
terminal down conductor the bond shall be a exothermic weld. When
the grounding system is located underneath a structure, the access
wells may be located on the inside floor of the structure. One of the
wells however, should be located near an area of undisturbed earth so
that earth resistance measurements can be made for earth electrode
system proof of performance testing. Figure 4-7, Details of Ground
Rod/Interconnection “Cable Installation, and Figure 4-8, Grounding
Access Well Construction, show details of access well installation.

(4) Earth Resistance Measurements. Resistance measurements
shall be made as each ground rod is installed to ensure that it meets
the requirements for a low-resistance electrical path to ground. If
the resistance is greater than required, the rod should be driven
deeper into the earth or relocated. In order to drive the rods
deeper, section(s) are added as needed by using a coupler attached to
the threaded end of the ground rods. Test each ground rod after it is
installed using the procedure described in Section 7, Testing.
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FIGURE 4-4a. TYPICAL, RCF EARTH ELECTRODE SYSTEM
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FIGURE 4-4b. TYPICAL RCF EARTH EL.ECTRODE SYSTEM
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FIGURE 4-5. EXOTHERMIC WELDING PROCESS

1. PRE-HEAT AND CLEAN THE MOLD; 2. CLOSE HANDLES TO LOCK MOLD;
CLEAN THE CONDUCTORS; DROP METAL DISK INTO MOLD.
PLACE CABLE ENDS IN MOLD

3. DUMP WELD METAL INTO MOLD; 4. CLOSE COVER AND IGNITE;
SPRINKLE STARTING MATL OPEN MOLD AFTER
OVER WELD METAL AND METAL SOLIDIFIES;
ON LIP OF MOLD. REMOVE SLAG FROM
MOLD BEFORE MAKING NEXT
CONNECTION

Page 66 Chap 4
: Par 92



11/1/93

FIGURE 4-6.
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FIGURE 4-7. DETAILS OF GROUND ROD/INTERCONNECTING CABLE INSTALLATION
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FIGURE 4-8. GROUNDING ACCESS WELIL CONSTRUCTION
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d. Repairing Existing Earth Electrode System. If the average

earth ground resistance of the existing earth electrode system exceeds
a nominal value of 10.0 ohms, make a trench with hand tools to uncover
the copper interconnecting conductor and ground rod joints for
complete inspection. A general picture indicating parts of the earth
electrode system to be examined is shown in Figure 4-9, Connection to
Earth Electrode System. '

(1) Interconnecting Conductor. An inspection is to be made
of the existing interconnecting conductor to ensure it is No. 4/0 AWG
bare stranded copper. Examine the conductor throughout its length for
breaks. Ensure good electrical and physical conductor bonds are
present at the existing ground rods. Faulty welds shall be repaired
using an exothermic No. 4/0 size cable splicer mold and the weld metal
compound. Retest the earth electrode system after the interconnecting
cable has been inspected and properly repaired.

(2) Earth Electrode System Cables. The existing earth

electrode system cables may be retained if it is found to meet
specifications. If the existing earth electrode system cable is
smaller than No. 4/0 AWG, bare copper conductor, but meets the test
requirements of this directive, the existing interconnecting cable
conductor must still be replaced with the proper size components.

e. Upgrading Existing Earth Electrode System. The existing

earth electrode system shall be upgraded if the average earth
resistance reading still exceeds the 10.0 ohms requirement after
repairs have been made.

(1) Existing Interconnecting Conductor. Any existing bare

conductor which does not conform to specifications should be connected
to the new earth electrode system to ensure only one grounding systen.
The existing AC power transformer ground connection may be left
intact. Lay a new No. 4/0 AWG bare stranded copper conductor in the
trench. Ensure the conductor has no kinks or sharp bends. Attach

the new conductor to each ground rod with an exothermic weld using a
cross-cable mold and weld material. Cut the No. 4/0 AWG conductor and
weld ends together using a No. 4 splicer mold and cartridge.

(2) Ground Rod Performance. Two alternatives are available
to increase the performance of the ground rod system. At each ground
rod, install an additional ground rod on either side and at distances
twice the length of the rod. Another approach is to drive the rods
deeper into the earth. Sections are added to increase the length as
necessary. The method used is determined by soil conditions, site
layout, and the results of earth-to-electrode measurements. If the
addition of ground rods is not practical, driving them deeper into
the earth may reduce the earth-to-electrode resistance to an
acceptable level.
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FIGURE 4-9.
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(3) Overall Grounding System. Examine all eiements of the
facility exterior grounding system from the main ground plate outward.
Upgrade the grounding conductors if the conductors are not the proper
size. Repair or replace, using exothermic welds, any ground conductor
bonds in poor condition. Each air terminal down conductor must be
connected directly to a ground rod in the earth electrode grounding
system. Install new ground rods as needed for this requirement, and
bond each down conductor to its rod with an exothermic weld. Attach
each rod to its facility earth electrode grounding system perimeter
cable with an exothermic weld or, only in an access well, a clamp.

(4) Earth Resistance Measurements. Retest upgraded earth
electrode/1nterconnect1ng cable system using the procedure described
in this chapter, Section 7, Testing.

f. Alternate Ground Plane System. Ground plane copper conductor
wire size requirements vary with the type and condition of soil
encountered or the rock surface they are to cover. In non-corrosive
soil the conductors shall be no smaller than No. 6 AWG bare copper
wire. A rock surface will require No. 1/0 AWG or larger wire for the
conductors. Copper straps three to six inches in width and one-eight
inch thick may be used instead of round wire to cover rock surfaces;
however, straps shall not be used in high wind areas.

(1) Soil Installation. A minimum of three conductors made
of copper wires or straps shall be buried at least 24 inches below the
surface and extend 20 feet from center. A one piece, copper wire,
ground loop surrounds the equipment building and connects the earth
electrode ground rods that are driven into the soil around the
building. Figure 4-10, Tower and Structure Surface Ground Plane
System, shows the p051tlon of the earth electrode ground system in a
typical poor conducting soil installation.

(a) Conductor Burial. Trenches for the conductors are
dug either by hand or with a trench digger. Use of ground rods is
desirable if soil conditions permit. When ground rods are used they
shall always be driven in place. Placement of the individual ground
rods is determined by the type of soil and its resistivity.

(b) Conductor Connection. Connections are made using
exothermic welds or cable clamps. A ground access well is necessary
whenever clamps are used to join the individual conductors together.

(c) Structure Ground Connection. A structure ground
connection is made using a 500 Thousand Circular Mil (MCM) AWG cable
attached to an earth electrode system ground rod by an exothermic weld
or, within a ground access well, by a cable clamp. The other end of
the cable is attached with a bolt lug to the structure ground at the
main ground plate. See Paragraph 94, Main Ground Plate Installation.

Page 72 Chap 4
Par 92



11/1/93

FIGURE 4-10.
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(2) Rock Surface Installation. Surface mounted grounds
shall slope down and away from the structure being protected. Rock
surface installation requires the use of anchor bolts to secure all
ground wire or strap to the rock. An anchor bolt shall be used every
10 feet of ground conductor length. No electrical connection is
needed from the ground conductor to bolts secured in rock since rock
is not a good conductor. Where an area of soil will permit
installation of a ground rod, a rod shall be driven into the soil to
enhance the ground system. Rod connection to the ground conductor is
made with an exothermic weld. Ground rods shall be separated by at
least one rod length, but a two rod length minimum separation is
preferred. Ground rods are not bunched because mutual inductive
coupling reduces their effectiveness as low impedance paths to ground.

(a) Conductor Placement. The grounding system
elements are placed so that the conductors lie in straight paths which
begin at the perimeter of the structure and proceed away from the
structure. A ground loop made of No. 4/0 AWG copper is used to
connect the individual conductor ends together using exothermic welds
at each joint. A typical tower and structure combination using this
technique is shown in figure 4-10. When rolling topography, earth
berm, or obstacles such as rocks are encountered, the conductor is
routed over the obstacle and not around it. The conductors shall not
be placed where their paths would encounter large structures or
objects which would require them to go around the object. Careful
site planning is required when installing an above ground earth
electrode system so that enough conductors of the proper length can be
used.

(b) Structure Ground Connection. The other end of the
ground connection cable is connected to the main ground plate inside
the structure as in a normal earth electrode counterpoise system
installation. A bolt-on lug is used to join the cable to the main
ground plate.

g. Chemical Enhancement. Ion-producing chemicals are added to
the soil surrounding the ground rods. The following chemicals are
commonly used for this purpose:

Name . Symbol Common Name
Magnesium sulfate MgSO4 Epsom salt
Copper sulfate CuSOy Blue vitriol
Calcium chloride CacCl,
Sodium chloride NacCl Common salt
Potassium nitrate KNO4 Saltpeter
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Magnesium sulfate is the most commonly used chemical due to its low
cost and high electrical conductivity. It is also the least
corrosive of the chemicals listed. The chemical can be applied in a
trench around the ground rod as shown in Figure 4-11, Trench Method
of Soil Treatment, or in an access well like the one shown in

Figure 4-12, Alternate Method Of Soil Treatment.

h. Documentation of Earth Electrode System Installation.
Redline all applicable facility drawings to indicate any changes to
the existing drawing details caused by any updating of the existing
earth electrode system. Changes to the new drawings for a new earth
electrode system shall also be made. Photographs of below ground
exothermic welds should be taken. All applicable documentation is to
be conveyed to facility management.

i. Materials Required. Installing, repairing, or upgrading the
earth electrode system may require any or all of the materials listed
in Table 4-1, RCF Earth Electrode System Installation Materials.

93. MATIN GROUND PLATE. The main ground plate provides a central
connection point from the internal grounding system to the external
earth electrode system components.

94. MATN GROUND PIATE TNSTAT.LATION.

a. Main Ground Plate. The main ground plate shall be installed
on an interior wall or floor of the facility equipment shelter. The
main ground plate is a 4 inch by 12 inch by 1/4 inch copper plate
mounted on nonconductive material and secured with insulated hardware.
The plate shall be mounted as close as possible to where the
connection is made to the earth electrode system.

b. Exterior PVC Conduit. Install a section of Polyvinyl
Chloride (PVC) conduit through the facility exterior wall between the
main ground plate junction box and the PVC junction (LB fitting)
outside of the facility wall as illustrated in Figure 4-13, Main
Ground Plate Installation. Install PVC conduit and a PVC sweep elbow
between the PVC junction and the ground access well. Attach the PVC
conduit to the facility wall with straps. An earth electrode system
ground rod at the access well shall be dedicated to the main ground
plate and be in the vicinity of the PVC sweep elbow.

c. Main Ground Conductor. Install an AWG No. 500 MCM size
insulated copper conductor between the main ground plate and the earth
electrode system ground rod at the ground access well. If a ground
rod does not exist in the earth electrode system near the PVC sweep
elbow, install a ground rod and access well dedicated to the main
ground plate. Then attach it to the earth electrode ground system.
Refer to Table 4-2, New Installation Junction Box, Main Ground Plate.
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FIGURE 4-11.
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FIGURE 4-12. ALTERNATE METHOD OF SOIL TREATMENT
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TABLE 4-1. RCF EARTH ELECTRODE SYSTEM INSTALLATION MATERTALS

ITEM DESCRIPTION UANTITY

1. Ground rod, sectional, copper clad steel, As Required
3/4 inch x 10-feet, IPC No. 579T,
or equal

2. Ground rod, solid copper clad steel, As Required
threaded coupler, IPC No. 141Y, or equal

3. Driving stud, IPC No. 141F, or equal As Required

4. 4/0 AWG stranded bare copper conductor, As Required
19 strand, Alpha No. 7388, or equal

5. Welding mold, 3/4 inch ground rod to As Required
4/0 AWG cross-cable, Cadweld GYE-182Q,
or equal

6. Weld metal , Cadweld #150, or equal As Required

7. Weld metal, Cadweld #2-200, or equal As Required

8. Splicer mold, 4/0 AWG size cable splicer, As Required

Cadweld HDSSC-2Q, or equal

9. Ground rod splice mold, 3/4" copper rod As Required
Cadweld HDGBD-18, or equal

10. Handle clamps, Cadweld L-160, or equal As Required
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FIGURE 4-13. MAIN GROUND PLATE INSTALLATION
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TABLE 4-2. NEW INSTALLATION JUNCTION BOX, MATN GROUND PLATE

DESCRIPTION QUANTITY

Junction Box, PA-16, per FAA Drawing 1 each’
DK-6075-19

Connector, compression type, 1-1/2inch 2 each
steel, Thomas & Betts 5523 or equal

Conduit, thin-wall, 1-1/2 inch As Required
galvanized steel

Wall Anchors with screws (depends on 4 each
wall construction material)

No. 6 AWG, (green with orange tracer), As Required
stranded, insulated copper wire

Lug, screw, Thomas & Betts 35301 or equal 1 each

Connector, split-bolt, Burndy 1 each
Type KS17, or equal

Connector, split-bolt, Burndy 1 each
Type KS22, or equal

Connector, split-bolt, Burndy SERVIT As Required
Post Type K2C22, or equal

Compound, sealing, Chico A3, or equal ' 11b

Tie wrap, nylon, As Required
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In new installations, the cable should come up from a conduit provided
in the building foundation since the main ground conductor can be
difficult to bend in some cases.

95.-98. RESERVED.

SECTION 3. LIGHTNING PROTECTION SYSTEM

99. REQUIREMENTS. Equipment and structure damage from lightning
comes in two forms: a direct lightning discharge to the equipment or
structure, and a surge in voltage and current on electrical
connections to the equipment. The RCF facility shall be protected
from both occurrences. There are three basic elements for a
lightning protection system. These elements are an electrically
conductive object, an electrically conductive path, and a low-
resistance electrical connection with the earth. Protection
conditions are satisfied when a lightning discharge is routed to the’
earth through a conductive path which prevents damage to the facility
or equipment it is designed to protect.

a. Electrically conductive Object. The conductive object shall
be an air terminal mounted at the highest elevation of the part of a
structure, or its equipment, to be protected. Air terminals shall be
solid copper, bronze, or aluminum rods 10 inches long minimum with a
rounded point. Copper rods may be nickel plated. Copper or bronze
rods shall be 1/2 inch in diameter and aluminum rods 5/8 inch in
diameter. Required locations of air terminals are determined by the
zone of protectlon prov1ded by each air terminal, beginning with the
highest in elevation. Figure 4-14, Lightning Protectlon for Antenna
Platforms, shows a protected antenna and tower. A zone of protection
is the concave area between a structure and a ball of lightning, of
100 to 150 foot radius, as the ball rolls up to, over, and down
mounted air terminals. Zones designed with a 150 foot radius ball
would protect against most dlscharges from common 150 foot stepped
11ghtn1ng leaders. See maximum protection zones using 100 foot radii
in Fiqgure 4-15, Determining Air Terminals for Buildings Under 50 Feet
Tall; Figure 4-16, Determining Air Terminals for Towers; and Figure 4-
17, Air Terminal Protectlon of Flat Surfaces. Refer to FAA-STD-019b
and National Fire Protection Association Code NFPA-780 also.

b. Electrically Conductive Path. Multiple air terminals on a
structure shall be interconnected by a perimeter cable to provide at
least two paths to ground from each air terminal. A down conductor
connects one or more air terminals to the earth electrode system.

c. Earth Connection. An exothermic weld or cable clamp shall
connect the earth electrode system to a ground conductor providing the
earth connection.
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FIGURE 4-14.

LIGHTNING PROTECTION FOR ANTENNA PLATFORMS
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FIGURE 4-15. DETERMINING ATR TERMINALS FOR_BUIIDINGS
UNDER 50 FEET TAILL
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FIGURE 4-16. DETERMINING ATR TERMINATS FOR TOWERS
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FIGURE 4-17. ATR TERMINAT., PROTECTION ON FLAT SURFACES
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100. INSTALLATION. An air terminal shall extend at least 10 inches
above the highest point it is protecting. Air terminals over 24
inches long shall be braced at mid point. Bimetallic connectors shall
be used for connecting dissimilar metals such as aluminum and copper
or copper and steel. A zone of lightning protection for each
structure or group of structures at a site shall conform to FAA-STD-
019b and Lightning Protection Code, NFPA-780. Use of 100 foot radius
arcs in determining zones of protection provides maximum protection.

a. Tower Protection. An air terminal system shall be used to
protect towers from lightning damage. All antennas must be within the
tower's zone of protection. The air terminal grounding system and its
tower grounding systems shall be installed under the same guidelines
and required standards as the earth electrode system. Two down
conductors, routed down separate tower legs where possible and away
from RF cables, shall connect the tower grounding system to the
structure earth electrode system.

(1) Self-Support Towers. A self supported tower requires
one or more air terminals and two down conductors as part of its
lightning protection system. Air terminals shall be interconnected by
Thompson No. 506 cable, or equal, to provide two separate grounding
paths from the tower grounding system via down conductors as shown in
Figure 4-18, Antenna Tower Grounding and Lightning Protection. A
metal tower whose own structure provides a continuous straight
downward electrical path may be considered a part of, but not a
replacement for, the down conductor clamped to it. A tower base plate
shall be connected to the structure and grounded to its nearest down
conductor, keeping the path in air for the cable as short as possible.
Each down conductor shall take a straight downward path, with no sharp
bends, to a bonding plate near the ground before entering PVC to reach
a grounding rod. Each down conductor shall be connected by exothermic
weld to a corner ground rod in the structure earth electrode systemn.

(2) Guyed Towers. Guyed towers have the same grounding and
lightning protection requirements as a self supported tower. Guy
wires and anchors used in the installation of guyed towers shall be
grounded also, unless the guy wires are insulated. Guy wires shall be
grounded near the turn buckles using wire or strap of the same metal
as the guy wires unless bimetallic connectors are used to isolate
dissimilar metals. To avoid sharp bends and wire tension, the
grounding wire shall follow a downward curving stepped path as shown
in Figure 4-19, Guyed Tower Grounding and Lightning Protection.
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FIGURE 4-18a. ANTENNA TOWER GROUNDING AND LIGHTNING PROTECTION
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FIGURE 4-18b.
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FIGURE 4-19.
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b. Structure Protection. Two or more down conductors shall be
provided for building structures with a perimeter of 250 feet or less.
The down conductors shall be No. 4/0 AWG copper cable. Structures
whose perimeter exceeds 250 feet shall use one down conductor for
every 100 feet of perimeter distance.

c. Transmission Line Shield Grounding. Shields on anternna RF
coaxial cables shall be grounded to the earth electrode system in the

tower junction box and at the entrance to a facility. Transient
suppressors are prov1ded at the fac111ty entrance. Coaxial cable bus
grounding at the tower is illustrated in Figure 4-20, Typical Tower
Coaxial Cable and Junction Box Grounding. At some 51tes an external
bulkhead plate may be the facility coaxial cable grounding point. A
No. 2/0 AWG copper wire shall be attached to this copper plate with a
bolt lug and be routed to the facility earth electrode system. Figure
4-21, Typical Coaxial Cable Bulkhead Plate, shows this ground cable.
At other facilities conduits may be used to bring the antenna coaxial
cables into the building to a cable junction or patch panel box. In
either case, the cable outer shield and connectors shall be grounded
to the facility earth electrode system. A No. 2/0 AWG copper wire
routed to the facility earth electrode system shall be attached with a
bolt lug to the copper bar or plate which grounds coaxial cable outer
shielding. Figure 4-22, Typical Cable Grounding in Antenna Patch
Panel, contains fa0111ty entrance feedthrough transient suppressors
and 111ustrates RF coaxial cable transient protection bus grounding.

d. Protection of Underground Cables. Buried AC power lines and
51gna1 and control landlines, except RF coaxial cables, are protected
best in grounded electrically continuous watertight ferrous conduit.
Runs more than 300 feet, except AC power lines, may use armored cable.
Protection against dlrect lightning strikes to buried cables not
completely enclosed in ferrous metal conduit shall be provided by
installing a guard wire At least 10 inches above and parallel to the
buries cables. No. 6 AWG bare copper wire is recommended for guard
wire as shown in Figure 4-23, Lightning Protection for Underground
Cables. For a spread of cables 3 feet wide or less, only one guard
wire is necessary. For wider cable spreads, at least two guard wires
shall be installed. All guard wires shall be connected to the earth
electrode system. Buried cables must enter a facility in ferrous
conduit. The conduit must extend a minimum of 5 feet beyond the earth
electrode system with the outer end bonded to the earth electrode
system with a stranded bare copper conductor, No. 2/0 AWG minimum.

The facility end of conduit shall be bonded to the entrance housing.

101.-105. RESERVED.
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FIGURE 4-20a. TYPICAT, TOWER COAXTAIL
CABLLE AND JUNCTTON BOX GROUNDING
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FIGURE 4-20b. TYPICAL TOWER COAXTAT,
CABLLE AND JUNCTION BOX GROUNDING
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evll?ROEUND AND BUILDING GROUND WITH A NO. 2 BARE COPPER

. CONNECTOR, WATERTIGHT WITH LOCKNUT (TYPE T & B 2558
OR EQUAL}

. BRING CABLES INTO PATCH BOX. LEAVE 2 FEET OF EXCESS-
CABLE AND MAKE ENDS WATERTIGHT WITH TAPE.

. ANTENNA TOWER, SAFETY RAIL, PLATFORM, AND COAXIAL CABLE
ARE GOVERNMENT FURNISHED. ALL OTHER ITEMS SHOWN ARE
CONTRACTOR FURNISHED.

. COPPER GROUNDING BAR WITH LUG (SPECIAL TO SITE)

i
l
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FIGURE 4-21. TYPICAL COAXIAT, CABLE BULKHEAD PLATE
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FIGURE 4-22. TYPICAL, CABLE GROUNDING TN ANTENNA PATCH PANEL

TO EQUIPMENT

TO

-

EARTH
ELECTRODE SYSTEM
(NOTE)

200__, -

[~ GROUND PROFILE

BAR VIEW
ISOLATED
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CABLE MAY EXIT AT BOTTOM OF
ENCLOSURE (X). ‘

COPPER SUPPRESSOR
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FIGURE 4-23. LIGHTNING PROTECTION FOR UNDERGROUND CABLES
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SECTION 4. MULTTIPOINT GROUND SYSTEM

106. REQUIREMENTS. The RCF multipoint equipment ground system
consists of interconnected, normally non-current carrying, metal
objects. The system is required by FAA-STD-019b to include at least
two low impedance electrical paths to the earth electrode system.
This system connects equipment frames, cabinets, racks, conduits,
wireways, cable trays, outer cable shields, steel structure, and
interconnection conductors. The multipoint ground system provides
low impedance ground paths between interconnected metal in various
locations within the facility and interconnected metal ground plates
within the facility to the earth electrode system.

107. INSTALILATION. The multipoint ground system is designed to
protect electronic equipment from potential differences and static
charge buildup. The multipoint ground system shall be separate from
the single point ground system, except after a main ground plate.

From that main ground plate both systems share a common conductor
directly to the earth electrode system. The AC protection ground
(green wire) must maintain a separate path and must connect to the
earth electrode system only at the service disconnect means and at the
power company ground. A buried cable connection is recommended from
the power company ground to the earth electrode system. Separation of
these three grounding systems minimizes sharing interfering transient
currents, potentials, and faults. The multipoint ground system shall
use copper conductors with green insulation and an orange tracer.

Each facility shall use a multipoint ground plate and branch plates as
necessary, as seen in Figure 4-1, Typical Facility Ground System. An
RCF having four or fewer multipoint ground wires may connect its
ground wires directly to the main ground plate, not close to the
single point ground connection, and use no multipoint ground plate.

a. Multipoint Ground Plate. The multipoint ground plate shall
be a 6 inch by 4 inch by 1/4 inch copper plate mounted on insulated
spacer material and secured with insulated hardware as illustrated in
Figure 4-24, Multipoint Ground Plate. Ground plates and buses shall
be identified with a permanently attached nonconductive cover label
that is predominantly green with distinguishing bright orange slashes.
The label shall bear the caption ELECTRONIC MULTIPOINT GROUND in
black characters. This marking and labeling can be on a plastic cover
(with suitable length spacers) over the copper plate.

b. Multipoint Branch Ground Plates. Multipoint branch ground
plates shall be used to minimize the number of independent wire runs
to the multipoint ground plate. The number and location of branch
plates is dependent upon site requirements. An illustration of a
facility multipoint ground system is shown in Figure 4-25, Multipoint
Ground Installation.
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FIGURE 4-24. MULTTPOINT GROUND PILATE
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FIGURE 4-25.

MULTTPOINT GROUND INSTALLATION
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c. Multipoint Ground Conductor. A series daisy chain
arrangement shall be used to interconnect the multipoint ground plate
with each section of conduit, wireway, and cable tray. This conductor
arrangement is used to interconnect equipment frames, cabinets, racks,
and equipment chassis. The connection from multipoint ground to the
metal cabinets shall be via a pressure type connector as shown in
Figure 4-26, Split Bolt Ground Connection. Orange vinyl tape shall be
added to a green insulated wire if green with orange tracer insulated
copper conductor is not available. Conductor sizes and lengths that
shall be used are specified in FAA-STD-019b and appear in Table 4-3,
Sizes of Grounding Cable.

NOTE: Ensure that any paint or other nonconductive finishing has
been removed in the vicinity of the bolt to provide good metal to
metal electrical contact.

d. Structures. All structural members of a steel-framed
building shall exhibit a one milliohm or less bond resistance at each
joint. These joints shall be welded, brazed, or bolted. Where
junction resistance is not low enough, one or more ground straps shall
be installed across the joint. The structure shall be connected to
the earth electrode ground system,

108.-112. RESERVED.
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FIGURE 4-26. SPLIT BOLT GROUND CONNECTION

MAIN, MULTIPOINT, OR SINGLE POINT GROUND

E-‘ — > -
I ¢

Ee ST
ams

BRASS NUT LOCKWASHER

SOURCE:
BURNDY KC 22 OR EQUAL

NOTES:

a. USE STUDDED SPLIT BOLT CONNECTOR,
MINIMUM WIRE SIZE #2 AWG, BONDING LUG
FOR ALL GROUND PLATES.
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TABLE 4—-3. SIZES OF GROUNDING CABLE

Cable Path Length Path Length
Size Maximum Bus Bar Size Maximum

(114.3) (193.9)
( 91.4) ( 96.9)
( 76.2) (145.1)
( 53.3) ( 75.2)
45.7) ( 96.9)
38.1) 48.5)

32.0) 24.1)

48.5)

24.1)

11.9)

Note: Where these cables are not available, parallel cables
may be used such as three, 250 MCM cables in place of one
750 MCM cable, or two, 300 MCM cables in place of one

600 MCM cable. .
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SECTION 5. STINGLE POINT GROUND SYSTEM

113. REQUIREMENTS. The RCF single point ground system provides an
isolated, single ended, low impedance electrical path from shields of
low voltage data, communication, and control cables to the earth
electrode system. Grounded reference shields must be isolated and
grounded at the source end only to prevent loops in the single point
ground system. To provide a noise-free ground reference, the single
point ground system shall be isolated from the multipoint ground
system, except after the facility main ground plate. From the main
ground plate both systems share a common conductor directly to the
earth electrode system. The single point ground bus shall be isolated
copper bars or plates suitable for termination of cable shields and of
cables to branched ground plates. Cable shield pigtails terminated on
the single point ground bus shall be as short as possible to minimize
inductance. Cables connected to single point ground plates and to the
single point ground connection on the main ground plate shall be
insulated copper conductors coded green with a yellow tracer and must
be isolated from all other grounding systems. Branch plates shall be
used as needed in order not to violate the isolated, non-looped,
single-ended, tree configuration of the single point ground systen.

114. INSTALLATION. The single point grounding system shall be
isolated from all other grounding systems except at the tie-in to the
main ground plate.

a. Single Point Ground Plate. Single point ground plates shall
be 6 inch by 4 inch by 1/4 inch copper plates, or larger, mounted on
insulated spacer material and secured with insulated hardware as shown
in Figure 4-27, Single Point Ground Plate. Single point ground plates
and buses shall be identified with a permanently attached non-
conductive cover label that is predominantly green with distinguishing
bright yellow slashes. The label shall bear the caption ELECTRONIC
SINGLE POINT GROUND in black characters.

b. Equipment Cabinet Single Point Ground Bus Bar. A solid

copper single point ground bus bar, mounted on insulators, shall be
installed in each applicable equipment cabinet. A typical single
point ground bus bar is approximately 3/4 inch wide, 1/4 inch thick,
and 16 inches long. It is mounted horizontally in the equipment
cabinet. 1Isolation from the cabinet shall be provided by standoff
insulators. Each RCF single point ground shall be insulated from the
cabinet and all other grounds. An illustration is given in

Figure 4-28, Single Point Ground Installation.
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FIGURE 4-27. SINGLE POINT GROUND PILATE
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FIGURE 4-28.

SINGLE POINT GROUND INSTALLATION
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c. Interior Single Point Ground Conductors. A green with yellow
tracer insulated copper conductor shall be installed from the

equipment single point ground lug to the equipment cabinet single
point ground bus. The single point ground conductor for each cabinet
shall be connected separately to a single point ground plate or branch
plate. Conductor size and length shall comply with FAA-STD-019b.

115.-119. RESERVED.

SECTION 6. TRANSTENT AND SURGE PROTECTION SYSTEM

120. REQUIREMENTS. An operating system comprised of electrical
power, communication, and electronic equipment is susceptible to two
types of lightning effects. These lightning effects are surges on AC
power lines and transients on signal and control landlines connected
between an external equipment or structure and a facility. Damage
from lightning can be minimized, and in most instances eliminated, by
properly using the following protection methods.

121. AC POWER PROTECTION. Protection from AC power surges caused by
lightning shall be provided by the use of surge arresters on the
supply side of incoming power lines at the facility service disconnect
means and at the entrance at interconnected facilities. See single
and 3-phase service in Order 6950.19. Arresters limit the induced
voltage by routing excess current to earth until surges are
dissipated. These devices shall be sized to limit to an acceptable
level the AC voltage supplied to RCF equipment. Ratings for these
devices are found in FAA-STD-019b and FAA-STD-020.

a. Pre-installation Tasks. An existing facility will require
the following major pre-installation actions prior to the actual
installation of the lightning and electrical surge protection circuit
equipment.

(1) Evaluation of Existing Surge Protection. Determine if
the facility AC entrance power circuits have lightning protection

circuits currently installed. If the protection equipment installed
is operating satisfactorily and has operating parameters equivalent to
those of the equipment specified herein, no further action is
required.

(2) Yoltage and Phase of AC Power Service. Determine
whether commercial power supplied to the facility is 240 VAC single

phase or 208 VAC 3-phase service. Obtain a surge arrester that is
compatible with the facility entrance power. More specific guidance
is provided in FAA documents, FAA-C-1217e, Electrical Work, Interior,
FAA-STD-019b, and Order 6950.19.
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(3) Coordination of System Shutdown. Request the issuance
of a NOTAM and coordinate systems shutdown with the control facility.

Ensure that all systems receiving commercial AC power via the service
entrance switch are properly removed from service (i.e., RCF, NAVAIDS
or VHF Omnidirectional Range (VOR)). Some systems may continue to
operate satisfactorily from their standby power over the approximate
2 hours required for system downtime. Coordination with operating
personnel is required in either situation.

(4) Location of Surge Arrester. Surge arresters shall be
mounted on incoming AC lines on the supply side of the main service
disconnect switch per FAA-STD-019b. An arrester junction box shall be
located immediately adjacent to the main AC service disconnect (1 foot
away maximum). All arrester elements shall be isolated from the
junction box by a minimum of 10 megohms resistance. An isolated
arrester ground shall be connected directly to an earth electrode
cable with No. 6 AWG wire coded green with red tracer or via the main
service disconnect bus to the earth electrode system by a 600 volt
insulated white No. 4 AWG stranded copper conductor.

b. Installation Tasks. Install the AC power surge arrester at
the selected location on the incoming AC power lines. If the
arrester cannot be mounted directly adjacent to the main service
disconnect switch as illustrated in Figure 4-29, Single Phase AC
Power Surge Arrester Installation, or Figure 4-30, Three Phase AC
Power Surge Arrester Installation, site adaption will be required. It
is important to keep connections to the arrester as short as possible
with no loops or sharp bends.

(1) Operating System Outage. The team supervisor shall

request the issuance of a NOTAM to inform the control facility and
coordinate system shutdown.

(2) AC Entrance Power. If possible, install the surge
arrester on the supply side before the main service disconnect switch.
If removing AC service is not possible, open the main service
disconnect switch to install the arrester after the main service
disconnect switch but before the fuses in the load lines.

NOTE: Verify that AC power is disconnected before proceeding.
Be very cautious when working in the vicinity of commercial
service AC powver.

(3) Arrester Installation. 1Install the AC power surge
arrester and verify that the installation is in accordance with
figure 4-29 or figure 4-30, whichever is applicable. Refer to
Table 4-4, Materials For AC Power Surge Arrester Installation, for
material typically used in the enclosure. Follow the manufacturer's
special requirements where applicable. Close the covers on the
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FIGURE 4-29. SINGLE PHASE AC POWER SURGE ARRESTER INSTALLATION
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